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The interactions of bovine chorionic membrane explants 
(CAMs) as well as three different bovine trophoblastic cell 
lines with JBrucella abortus were evaluated. The ability of 
B . abortus to infect and grow within the cells of these CAMs 
and within these cell lines was measured. In addition, 
prostanoid and hormone production by the trophoblastic cells 
after infection with B, abortus was measured.
Internalization of fl. abortus within the cells of CAMs 
derived from placentas from both 3-month-gravid cows and 7- 
month-gravid cows was similar. By 24 hours post-inoculation 
B. abortus replication in 7-months-derived CAMs was 
significantly greater than the replication occurring in 3- 
month-gravid cows derived CAMs.
Three trophoblastic cell lines derived from bovine 
placentas of differing gestational stages were used to study 
the differential replication of B. abortus. The
trophoblastic cell lines were derived from a 15-day-old 
bovine embryo, the placentomal tissue from a 5-month-old 
bovine placenta and from the extra-placentomal portion of the 
CAM from a 8-month-old bovine placenta. Brucella abortus 
rapidly replicate within the trophoblastic cell lines derived 
from 5 and 8-month-old-bovine placentas but grew slowly 
within trophoblastic cells derived from embryonic bovine 
placenta.
xii
Bovine trophoblastic cells synthesize a variety of 
biologically active compounds throughout gestation. The 
concentration of hormones and prostanoids produced by 
trophoblastic cells exposed to either B. abortus or to B. 
abortus endotoxins was measured and compared to the 
concentrations of these compounds produced by non-infected 
cells. Significant increases in the concentration of PGF2a, 
PGE2, estrogens and cortisol were observed in cells derived 
from 5 and 8 month gestational placentas, whereas, a 
significant increase was not observed in embryonic cells. 
These hormones and prostanoids were individually added to the 
standard tissue culture media to determine the effects of 
these compounds on B. abortus growth. Progesterone during 
the first 8 hours of the culture increased the replication 
rate of B. abortus in the two cell lines. Estrogens 
significantly increased the growth of B. abortus in these two 
lines at 16 and 24 hours of incubation. Prostanoids had no 
influence on B. abortus growth in all these cell lines.
xiii
INTRODUCTION
Brucellosis in cattle, caused by Brucella abortus, is 
both economically devastating and one of the most widespread 
of all zoonoses. Brucella abortus is a facultative 
intracellular pathogen which is able to survive and multiply 
within cells of the reticuloendothelial system (RES) of 
cattle. Following the oral exposure of cattle B. abortus 
initially replicates in pharyngeal lymph nodes, and 
subsequently spreads via the circulation to additional 
lymphoid organs, the mammary gland, and to pregnant uterus. 
Extensive replication of the organism occurs within fetal and 
placental tissues and frequently leads to abortion during the 
third trimester of pregnancy. The pathogenesis of abortion 
in bovine brucellosis remains poorly understood.
Preferential bacterial growth in the placenta was 
suggested to result from the presence of erythritol, which is 
present in the placenta, chorion and fetal fluids. Brucella 
abortus invades the placenta and replicates within chorionic 
trophoblast. in trophoblast cells, B. abortus replication 
occurs within the rough endoplasmic reticulum (RER). 
Localization of bacteria within the RER of these cells is 
unexplained.
The ruminant placenta is divided into placentomes which 
consist of the maternal caruncular endometrium and the fetal 
cotyledon. Intra~placentomal areas encompass inter-
1
caruncular endometrium and inter-cotyledonary fetal 
membranes.
Trophoblasts comprise the fetally-derived placental 
tissue interposed between the fetus and the mother. These 
cells are responsible for the physiological exchange which 
occurs between the mother and the fetus and the production of 
hormone and prostanoids. In cattle, trophoblastic cells can 
synthesize several different compounds throughout gestation. 
Some compounds are involved in maternal recognition of 
pregnancy, such as bovine trophoblast protein 1. Other 
compounds are involved in the maintenance of pregnancy, such 
as progesterone and prostaglandin E2 . Parturition is 
associated with alterations in steroidogenesis and in 
prostaglandin synthesis by both the uterus and placenta. For 
example, the synthesis of prostaglandin Fa, is suppressed 
during mid-pregnancy and then abruptly increases just before 
parturition. The synthesis of steroids, such as progesterone 
which is maintained at a constant low level declines 
drastically before parturition. Estrogens on the other hand 
rise sharply as parturition approaches.
Historically B. abortus was thought to exhibit tropism for 
the pregnant uterus of the cow. More recent research, 
however, suggested that B . abortus colonizes the reproductive 
tissues at rates comparable with or substantially less than 
the colonization rates of other blood filtering organs such 
as the spleen. The massive numbers of Brucella present
within the placenta and fetus represent the ability of 
specialized cells within the bovine placenta to support the 
rapid growth of these bacteria.
Given the fact that these bacteria preferentially grown 
within the chorionic trophoblasts of the placenta, one might 
ask the question, why does this bacterial infection result in 
only late gestational infections and abortions?. The lack of 
evidence for infection of the placenta during the early 
stages of gestation would suggest that the placental 
trophoblasts are not capable of supporting the growth of B. 
abortus at this time. The specialized cells infected with B. 
abortus are known to exhibit remarkable metabolic diversity 
during the course of a normal gestation; these same cells may 
by capable of producing factors in early gestation which fail 
to stimulate B. abortus growth or conversely produce factors 
during late gestation which stimulate the growth on B. 
abortus.
In vitro studies using both bovine chorioallantoic 
membrane explants (CAMs) and trophoblastic cells derived from 
early and late gestational stages were conducted to 
demonstrate differences in the ability of either type of CAMs 
or cells to support the intracellular growth of Brucella. In 
a second series of experiments, trophoblastic cells from a 
bovine embryo, mid gestational placentas, and from late 
gestational placentas were evaluated for their ability to 
differentially promote or inhibit the growth of B. abortus.
Finally, studies to metabolically characterize the secretory 
activities of these cells after exposure to B. abortus and to 
attempt to associate these metabolic alterations with the 
growth of Brucella were performed.
CHAPTER 1
LITERATURE REVIEW 
SOME ASPECTS Of BOVINE BRUCELLOSIS
Brucellae are, Gram-negative facultative intracellular 
pathogenic bacteria. The genus Brucella is composed of 6 
species: B. melitensis, B. abortus, B. suis, B. neotomae, B. 
ovis, and B. canis. The first 4 species occur normally in 
the smooth colony morphology form, whereas B. ovis and B. 
canis have only been encountered in the rough colony form 
(Alton et al., 1988). The members of this genus apparently 
resist the bactericidal activities of host phagocytic cells 
and are able to survive within those cells (Gallego and 
Lapeha, 1990). The inability of phagocytes to efficiently 
kill virulent Brucella at the primary site of entry is a key 
factor in allowing the spread of Brucella to the regional 
lymph nodes and its eventual dissemination to more distant 
reticulo-endothelial tissues (Gallego et al., 1989).
Bovine Brucellosis. Brucella abortus, the causative agent of 
bovine brucellosis, is responsible for epizootic disease in 
cattle. Occasionally sheep and goats are infected following 
contact with infected cattle (Alton et al., 1988). Brucella 
abortus is also responsible for zoonotic infections in man. 
People are infected through ingestion of fresh milk, cheese, 
and cream; through direct contact with infected animals
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shepherds, fanners, and veterinarians); and through 
inhalation of infectious aerosol (workers in abattoirs and 
microbiology laboratories) (Hall, 1990).
Nine biovars were originally proposed by the 
Subcommittee on Taxonomy for the genus Brucella, but B. 
abortus biovars 7 and 8 have been deleted from the taxonomic 
classification (Alton et al., 1988). Differences among 
biovars within the species can be determined by the patterns 
of growth on appropriate concentrations of the dyes basic 
fuchsin and thionine, the need for C02 and serum for growth 
and the susceptibility to B. abortus bacteriophage (Alton et 
al., 1988; Meyer., 1990). There are no established
differences in the pathogenicity or antigenicity among the 
field strain biovars (Nicoletti, 1980); however, experimental 
infection with a variety of B. abortus strains in different 
host species have demonstrated considerable strain variation 
in the pathogenic potential. (Thoen and Enright., 1986).
Several virulence factors have been proposed. 
Lipopolysaccharide (LPS), as in other Gram-negative bacteria, 
may play a very important role in the pathogenesis of 
brucellosis (Berman, and Kurtz., 1987). Lipopolysaccharide 
is composed of the 0 specific polysaccharide chain, a core 
polysaccharide, and lipid A. Most of the biological activity 
of the Brucella LPS is associated with the lipid A moiety 
(Cherwonogrodzky et al., 1990). However, difficulties in 
refinement and the use of various purification methods have
resulted in controversy over the chemical and biological 
characteristics of Brucella LPS (Berman and Kurts, 1987., 
Moreno et al., 1981). A comparison between the biological 
effect of Brucella LPS and Escherichia Coli LPS revealed that 
the former is less active than E. Coli LPS which has strong 
biological activity (Cherwonogrodkzke et al., 1990). Also 
the Brucella membrane contains proteins that are presumed to 
constitute the virulence factors and antigens unique for this 
genera (Pugh et al., 1989, Sowa, 1990). Characterization of 
the outer membrane proteins as virulence factors has been 
hampered by the inability to identify variants which either 
fail to express or exhibit altered profiles in SDS-PAGE gels 
(Smith and Fitch, 1990).
The degree of virulence may well be directly correlated 
with differences in interactions with the host responses to 
infection. Many groups have examined brucellae for the 
presence of plasmids using a variety of techniques, and none 
have been observed (Smith and Ficht, 1990) . There is no 
evidence that Brucella carries extrachromosoma1 DNA. There 
is also no concrete evidence that toxins similar to those 
produced by organisms such as the Enterobacteriaceae or 
Clostridium are produced by Brucella. Brucella endotoxin, a 
complex of LPS and other factors (Berman and Kurtz, 1987) has 
been suggested as a cause of virulence but evidence 
supporting this hypothesis is still absent. Recently, it was 
reported that extracts of 3. abortus contain strong acid
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phosphatase activity, however, the phosphomonoesterase 
hydrolase, has not been confirmed to be a major pathogenic 
factor (Saha et al., 1990).
Host-Parasite Relationship in Bovine Brucellosis. Different 
factors, still poorly understood, contribute to the 
establishment of Brucella infections and are determinants of 
the pathogenesis of the disease. The initiation of Brucella 
infections is dependent on the dose and virulence of the 
bacteria and upon the relative resistance and susceptibility 
of the host as determined by both innate and acquired 
immunity (Enright, 1990). Natural routes of infection 
include oral and/or conjunctival exposure to infected 
placental tissues and milk. In calves which ingest 5. 
abortus contained within colostrum or milk, brucellae are 
most commonly isolated from cranial lymph nodes, and less 
often from mesenteric lymph nodes and spleen (Meador and 
Deyoe et al., 1988).
The routes of infection, dissemination, and localization 
of B. abortus in cattle were investigated using 
experimentally infected cattle (Payne, 1959, Meador et al., 
1989). Initially the bacteria attach to a mucosal surface 
regardless of the route of infection and produce an acute 
inflammatory reaction in the tissue (Enright, 1990). 
Brucella translocate across the mucosal membrane barrier and 
colonize the regional lymph nodes and, if not killed, the 
bacteria multiply and are disseminated through the blood to
different: organs. The development: of the infection is 
dependent upon the host-bacteria interaction. Susceptibility 
to B. abortus infection varies according to a number of 
independent factors including but not limited to age, sex and 
stage of pregnancy. Individual animals within a herd may also 
manifest different degrees of innate immunity to infection. 
Young cattle are less susceptible to £. abortus infection 
than older sexually mature cattle. (Nicoletti, 1980, Crawford 
et al., 1990). Gender seem to be meaningful regarding the 
possibility of becoming infected since cows develop the 
disease more frequently than bulls. In addition, gender is 
important in the epidemiology of the disease because males 
are not as important as females in the dissemination of the 
disease in cattle (Subcommittee on Brucellosis Research, 
1977). In the male, localization of Brucella in the testis, 
epididymis, and accessory sex organs is common, and organisms 
may be shed in the semen, however, venereal infection is not 
believed to have a major mode in transmission to cows 
(Rankin., 1965, FAO/WHO 1986).
Pregnant cows are most susceptible to infection. 
Nonpregnant females frequently show no clinical symptoms when 
exposed to or infected with B. abortus. Cattle infected 
prior to breeding, often do not abort. In general, cattle 
usually abort but once following their initial infection. In 
subsequent pregnancies, infected cattle have enhanced 
resistent and only infrequently abort (Subcommittee of
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Brucellosis, 1977). They may give birth normally and resume 
normal production of milk, but many continue to be carriers 
and shedders of Brucella. When infected cows abort, large 
numbers of organisms are shed from the reproductive tract and 
mammary glands. Both routes are important avenues for the 
spread of B. abortus organisms (Subcommittee of Brucellosis., 
1977, Nicoletti., 1980. Harmon et al., 1989). There is a 
marked affinity of B. abortus for mammary glands and supra- 
mammary lymph nodes in persistently infected cows (Corner et 
al., 1987, Fensterbank, 1987, Meador et al., 1989). 
Experimental studies have repeatedly demonstrated the 
predilection for infections the mammary gland and/or lymph 
nodes regardless of the route of exposure and the virulence 
of the strain.
Persistent infections of the mammary gland and supra- 
mammary lymph nodes occur in 80% of infected cows which shed 
B, abortus in colostrum and milk throughout lactation. 
(Nicoletti, 1980, Corner et al., 1987, Price et al., 1990).
PLACENTAL TROPHOBLAST
The mammalian placenta consists of fetal and maternal 
tissues and is the site of exchange of respiratory gases, 
nutrients and waste substances between the fetal and maternal 
systems. Ruminant placentas are classified by shape as 
cotyledonary because intimate contact between maternal and
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fetal tissues occurs only in discrete structures, termed 
placentomes, which are the most vascular portion of the 
placenta (Prior et al., 1979).
The ruminant placenta is also divided into inter- 
placentomal areas consisting of inter-caruncular endometrium 
and inter-cotyledonary fetal membranes. The placenta is also 
classified as epitheliochorial. In ruminants, the chorionic 
epithelium is single-layered and cellular, but from an early 
stage of embryonic development trophoblast cells are of two 
different types. Uninucleate or principal cells are columnar 
or cuboidal and are attached to the epithelial lining of the 
uterus by a close interdigitation of fetal and maternal 
microvilli. Binucleate trophoblast cells are distributed 
among the principal cells, but are usually separated from the 
maternal interface and from the basement membrane of the 
epithelium by a thin lamina of cytoplasm derived from 
adjacent uninucleate cells (Boshier and Holloway., 1977). 
Mature binucleate cells contain a prominent Golgi apparatus 
and numerous electron-dense inclusions. Binucleate cells make 
up as much as 20% of the total trophoblastic cell numbers 
(Wooding, 1983). The trophoblast is the major functional 
cell type of the placenta
Trophoblast secretory activity. During pregnancy the bovine 
trophoblast synthesizes and secretes a variety of steroid and 
peptide hormones as well as other proteins of pregnancy (Heap 
at al., 1983; Steven et al., 1983). These secretory products
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have important endocrinological, metabolic and immunological 
roles during pregnancy (Summers et al, 1987). Synthesis of 
hormones, however, is a property that is unique neither to 
the trophoblast nor to the placenta. Many tissues in the 
body produce steroid and protein hormones though they are not 
all regarded as endocrine tissues in the classical sense. 
Trophoblastic production of hormones contrasts with that of 
non-endocrine tissues elsewhere in that the types of hormones 
secreted by these cells changes during the stages of 
gestation (Heap et al., 1983). Three phases of placental 
endocrine activity can be identified in ruminants. The first 
phase is associated with the establishment of pregnancy, the 
second with the maintenance of gestation, and the third with 
the onset of parturition.
Secretory products involved in pregnancy recognition. Various 
glycoprotein and polypeptides derived from the bovine feto­
placental unit have been isolated. These compounds lack 
hormonal properties themselves, but frequently induce 
hormone-like responses, associated with a variety of 
functions. Continued maintenance of the corpus luteum is 
required for supporting pregnancy in cattle. In non-pregnant 
cows the corpus luteum regress 13 to 17 days after estrus. 
Failure of a conceptus to signal its presence results in the 
release of prostaglandin F2« (PGF^), which leads to luteolysis 
on days 13 to 17 of the estrous cycle and the resumption of 
ovarian cyclicity. The bovine conceptus must therefore
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signal its presence by day 15-17 of pregnancy if the corpus 
luteum is to be maintained (Betteridge et al., 1984; Dalla 
Porta & Humbolt, 1984). During the estrous cycle, episodic 
release of PGF^ is associated with declining progesterone 
concentrations but the presence of a viable embryo abolishes 
the PGF^ release (Thatcher et al., 1986a; Helmer et 
al.,1987a; Helmer et al., 1989b).
A bovine trophoblast protein-1 (bTP-1) is a major 
secretory component of the cattle conceptus and is 
immunologically related to, but not identical with, a similar 
product made by the sheep conceptus, ovine trophoblast 
protein-1 (oTP-1). Production of oTP-1 as detected by two 
dimensional gel electrophoresis, begins at approximately day 
13 of pregnancy (Godkin et al., 1982a; Godkin et al., 1984b). 
Similarly, production of bPTl appears to begin at 15 to 17 
days of gestation in cattle (Bartol et al., 1985). Bovine 
trophoblast protein-1 shows immunological cross-reactivity 
and cDNA sequence homology with oTP-1 (Godkin et al., 1988c; 
Imakawa et al., 1989b).
Recently, the onset and duration of gene expression for 
oTP and bTP in pre-implantation ovine and bovine conceptuses 
was described by using in situ hybridization and Northern 
blot analysis. The results demonstrated that bTP-1 mRNA is 
present in the conceptus as early as day 12 of pregnancy with 
a marked increase in expression occurring at day 16 of 
pregnancy and continuing through at least the 25th day (Farin
et al., 1990). Bovine trophoblast protein-1 has a molecular 
weight of 24 kd and is secreted into the uterine lumen after 
12-21 days of pregnancy. This protein may represent a fetal 
signal for the maternal recognition of pregnancy (Helmer et 
al, 1987; Dazeme et al, 1988) and its suggested mode of 
action is trough local suppression of prostaglandin 
synthesis. This protein itself is not luteotropic, but has 
been identified as a powerful anti-luteolytic agent (Godkin 
et al., 1982a) . A hypothetical model for blocking luteolysis 
during early pregnancy involves synthesis of bTPl by the 
conceptus to induce synthesis of endometrial prostaglandins 
inhibitor. This compound may block the actions of endogenous 
agents which stimulate endometrial PGF secretion leading to 
luteolysis (e.g estradiol, formation of oxytocin receptors 
and oxytocin) (Salamonsen et al., 1988; Thatcher et al., 
1989b; Helmer et al., 1989b) . During maternal recognition of 
pregnancy, oTP-1 may prevent increases in oxytocin receptors 
on endometrial cells that normally occur prior to and during 
luteolysis in cycling ewes by blocking receptor synthesis 
rather than by blocking their recycling. By that mechanism 
oTP-1 may inhibit development of endometrial responsiveness 
to oxytocin and reduce pulsatile secretion of the uterine 
PGF^ necessary for luteolysis (Mirando et al., 1990).
Purification and identification of the primary sequence 
of oTP-1 and bPT-1 indicate that these molecules are members 
of the interferon (IFN) family of glycoprotein molecules.
There is a 70% homology in the 3' untranslated regions with 
bovine interferon-a. Both, bPT-1 and oTP-1 are 172 amino 
acids in length and are closely related to the IFN-an, a 
family of long IFN expressed in virus-infected leukocytes 
(Stewar et al., 1987; Zmakawa et al., 1987a). In addition, 
the binding of radiolabelled human IFNa to membrane receptors 
from uteri of cycling ewes has been inhibited by purified 
oTPl (Stewar et al., 1987). These trophoblast proteins also 
possess potent antiviral and anti-proliferative activities 
which are similar to those of the extensively studied 166 
amino acid IFNa, subclass proteins (Roberts et al., 1989). 
Recent cloning experiments of bovine IFNa„, bTPl and oTPl 
present evidence that these molecules represent a separate 
subclass of IFNa distinct from IFNa„ and IFNa, (Hansen et al., 
1991).
Platelets and/or the products of activated platelet have 
been suggested to be involved in early pregnancy recognition 
in cattle. Serotonin, released from platelets increased 
progesterone secretion by bovine luteal cells (Battista & 
Condon., 1986). Platelets are involved in early pregnancy 
recognition in cattle (Hansen et al., 1989). They showed 
that serotonin and platelet-derived growth factor appeared to 
be the major products of platelet activation responsible for 
the luteotrophic activity of platelets. Similar findings 
were also reported by O'Neill et al. (1989).
A protein having a molecular weight of 60 kd that
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stimulated progesterone synthesis in cultured cells was 
described recently (Ishar and Shemes, 1989). This 
glycoprotein was partially purified from bovine fetal 
cotyledons. This luteotropic compound was described as 
chorionic gonadotropic. In addition, a 68 kd bovine 
chorionic gonadotrophin with molecular weight of 68 kd having 
luteotrophic activity was identified in bovine allantoic 
fluid between 24 and 37 days of gestation in cattle (Hickey 
et al., 1989).
An additional 78 kd protein different from those previously 
described was found in the uterus and sera of pregnant cows 
and sheep throughout pregnancy. This protein has been 
referred to as a pregnancy-specific acidic glycoprotein 
(PBSB) produced by the binucleate cells of the placenta 
(Sasser et al., 1986a; Sasser et al, 1989b). The presence of 
PSPB can be measured in the serum of pregnant cattle from the 
third week of gestation until approximately 8-9 weeks 
postpartum (Sasser et al., 1986a). The biological function 
of this protein is not known. Recently, in vitro studies 
suggested that PSPB increases prostaglandin Ej (PGEj) 
secretion to a greater degree than PGF2a; thus, it may allow 
for a possible indirect luteotropic, luteo-protective role 
(Del Vecchio et al.,1990).
Hormones and Prostaglandins. The ability of the bovine 
placenta to produce progesterone has been questioned (Wendorf 
et al., 1983; Robinson and Shelton, 1991).
Robinson and Shelton, 1991). In contrast, in vitro cultures 
o£ fetal cotyledons from both early and late stages of 
gestation were shown to secrete progesterone (Robertson and 
King., 1974; Shemesh., et al., 1989a). In general, cattle 
produce lower levels of progesterone than other ruminants 
such as sheep and goats (Heap et al., 1983). Progesterone is 
formed mainly from circulating maternal cholesterol. 
Cholesterol is metabolized to pregnenolone and then to 
progesterone. In fetal cotyledons the presence of cytochrome 
P-450 has been demonstrated. Cytochrome P-450 as well as 
calcium are essential for the conversion of cholesterol to 
progesterone (Shemesh et al., 1984). Interestingly, 
cytochrome P-450 was not found in binucleate cells which have 
also been demonstrated to produce progesterone (Ullmann and 
Reimers, 1989). It was suggested that cholesterol is 
metabolized by the mononuclear cell to pregnenolone, where it 
is further metabolized to progesterone by the mononuclear and 
binucleate cells (Shemesh et al., 1989a).
An inhibitor of progesterone secretion was found in 
extracts of both fetal and maternal bovine placental tissues 
collected at mid-gestation, and in culture media obtained 
from dispersed fetal and maternal placental cells. Extracts 
of placentomes were found to be effective in reducing plasma 
progesterone levels within 24 h when infused continuously 
into the uterine lumina of cycling heifers beginning on the 
12th day of the cycle. This factor has also been described in
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extracts of 50 to 100 day bovine placentas (Shemesh et al., 
1983c). Studies of catabolism of steroids in vitro 
demonstrated that the trophoblast cell completely metabolizes 
progesterone to steroid (Gadsby et al., 1982).
The maintenance of gestation in ruminants depends on the 
continuous secretion of progesterone. Although the main 
production of the hormone is in the ovary, the bovine 
placenta synthesizes progesterone during the last 12 weeks of 
gestation (Heap et al., 1983). Another report indicated that 
the placenta is able to secrete progesterone at 250 days of 
gestation but not at 270 days (Pimentel et al., 1986). The 
production of estrogen by the bovine placenta has also been 
questioned. At 15 days, ruminant blastocyst completely 
metabolized androstenedione and progesterone to steroids 
(Heap et al, 1983). Estrogens are produced by enzymatic 
reactions which metabolize their precursor compounds to 
estrone and 17B estradiol, at different rates throughout 
pregnancy. Estrone and 17B estradiol which are the most 
important estrogens in ruminants, can be detected in both 
allantoic and amniotic fluids by about the 60* day and reach 
peak concentrations by 130 day and then decline. A second 
and smaller peak is detected at 200 days of gestation 
(Robertson and King., 1974) . Binucleate cells are also cited 
as important sites of steroidogenesis (Goss and Williams., 
1988; Flood P., 1991). In all ruminants just prior to
parturition estrogen production dramatically increases. This
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increase is associated with a fall in placental progesterone 
production and the onset of parturition (Heap et al., 1983).
A variarity of mammalian cells and tissues enzymatically 
oxidize arachidonic acid to physiologically active compounds. 
Arachidonib acid can be metabolized either by the 
cyclooxygenase or lipoxygenase pathways. The former pathway 
leads to the synthesis of prostaglandins and thromboxanes 
while the latter pathway leads to the formation of 
leukotrienes and hydroxyeicosatetrainoic acids (HETEs) 
(Romero et al., 1988) . These compounds are derived from fatty 
acids stored in cellular membrane as phospholipids and exert 
a wide variety of effects on different target tissues. 
Arachidonate metabolism in the cyclooxygenase pathway leads 
initially to the formation of prostaglandin H2 (Pace-Asciak 
and Smith., 1983). Prostaglandin E2 is formed from
prostaglandin H2 by the action of a specific isomerase. 
Hydroxyeicosatetrainoic acids are produced from arachidonic 
acid by the action of lipoxygenases which introduce 
hydroxiperoxide into specific positions, for example at C-5, 
C—12 and C—15. This produces 5, 12 or 15 HPETEs. These are 
then rapidly reduced to the respective HETEs (Bryant et al., 
1982).
The bovine placenta is capable to synthesizing products 
derived from arachidonic acid, including PG^, (PGE2) 
prostaglandin F2 prostaglandin I2 (Shemes et al., 1984). 
Prostanoids have a major role in the control of the corpus
luteum. Prostaglandin F^ synthesized by the uterus is 
primarily responsible for the demise of the corpus luteum of 
the non-fertile cycle (McCrakcen et al., 1972). The bovine 
trophoblast derived from pre-implantation embryos and from 
maternal caruncules or fetal cotyledons collected at 120-275 
days of gestation are capable of PGF^ synthesis (Shemesh et 
al.,1984d) . Bovine embryos and placental tissue also secrete 
PGEj which has luteotrophic activity in early pregnancy in 
cattle (Shelton et al., 1990). Mid-term bovine placental 
tissue has the ability to synthesize prostaglandin in vitro 
(Reimers et al., 1985). It was suggested that secretion of 
PGE2 increased with advancing gestation in ruminants due to 
changes in secretion of the fetal placenta (Malayer and 
Hansen, 1990). In the cow, elevated concentrations of PGF^ 
in the peripheral circulation occur several days before 
parturition (Bosu et al., 1984). Prostaglandin F2- was found 
within the bovine placentomes. Also, the fetal part of the 
placenta demonstrated a lower rate of prostaglandin 
catabolism than that of the maternal caruncle. Prostaglandin 
F^ catabolism in the bovine placenta is much lower that in 
other species such as sheep as well as man and guinea pig 
(Erwich et al., 1988).
Hormones and prostaglandin synthesis are critical in 
both pregnancy maintenance and in parturition. Any 
modification in the synthesis of these compounds could affect 
the normal gestation and viability of the fetus. Increased
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placental PGF^ synthesis is a critical event involved in 
parturition. Prostaglandins are also involved in placental 
and uterine separation. Continued production of PGEj by 
post-partum fetal placenta has been associated with retention 
of placental membranes while the production of PGF^ has been 
associated with a failure to retain membranes (Gross et al.,
1987). The human placenta synthesizes 5'HETEs, which are 
found in increasing concentrations in the amniotic fluid 
prior to parturition (Romero et al., 1988). The synthesis 
and metabolism of 5'HETEs in cow placentas have not been 
reported. A better understanding of the role of placental 
proteins, hormones, and prostaglandins in the pathogenesis of 
abortogenic diseases such as brucellosis, leptospirosis, and 
salmonellosis is needed.
PATHOGENESIS Of ABORTION in BOVINE BRUCELLOSIS
This review addresses the current status of research and 
the factors related to the pathogenesis of Brucella abortus 
induced abortions. Specifically, the placental tropism of B . 
abortus within the placental tissues is discussed.
Brucellosis is an economically important disease of 
cattle characterized by late gestation abortions 
(Subcommittee on brucellosis research, 1977). The disease 
may be spread from animal to animal in a herd by several 
ways, chief among these is by contact with infected, aborted
fetuses (Gillespie and Timoney, 1981). Brucella abortus has 
a marked predilection for the ruminant placenta results in 
abortions. Placentitis and retained placentas are commonly 
associated with this bacterial infection (Thoen and Enright, 
1986). The fetus has a singular susceptibility to infection, 
particularly in late gestation. Large numbers of B. abortus 
organisms are present in aborted fetuses and placentas. 
Alexander et al., (1981) reported 2.4 x 108 to 4.3 x 109 
bacteria in umbilici; up to 1.4 x 1013 organisms/g were found 
in the fetal cotyledons. The pathogenic mechanism
responsible for B. abortus infection of the pregnant uterus 
and for abortions remains poorly understood, despite almost 
100 years of research.
In 1919, T. Smith described the characteristic 
intracellular localization of B. abortus within trophoblastic 
cells of the bovine placenta. Bacterial infection of these 
trophoblast cells resulted in their destruction. More recent 
attempts have been made to identify the factors responsible 
for bacterial invasion and growth within the placental cells. 
Huddleson (1953) reported that the endotoxin of B. abortus 
could cause the characteristic abortion . In 1959, Payne 
experimentally induced brucellosis in pregnant cows to study 
the mechanism whereby B. abortus enters the uterus. Payne 
(1959) also reported that the bacteria were carried to the 
uterus by the blood, initially infected the endometrium and 
subsequently spread to the placenta and fetus. Placental
cotyledons slowly became involved as the organisms spread in 
the exudate which collects along the allanto-chorion. 
Intracellular infection of the chorionic trophoblast cells 
resulted in destruction of these cells. A series of
investigations conducted by Molello et al. (1963) in 
.Brucella-infected sheep arrived at different conclusions. 
They observed that the placental area affected was different 
depending on the species of Brucella inoculated. Basically, 
Molello et al. (1963) demonstrated that placental infection 
occurred first and then placentomal necrosis or
periplacentomal necrosis occurred if the placentae were 
invaded by B . melitensis or B. abortus respectively. The
abortion was thought to be due to Brucella endotoxin as
previously suggested in with Huddleson's reports.
Tropism for placental tissues. A series of experiments 
conducted in the early 1960's were designed to identify some 
of the mechanisms by which B. abortus causes abortion in 
cattle. The first experiment (Smith, et al., 1961) 
demonstrated that the large numbers of B. abortus present in 
experimentally infected pregnant cows were almost entirely 
confined to the fetal cotyledons, fluids and membranes. 
These tissues contained, respectively, 75, 20 and 5 percent 
of the total organisms found in the mother and fetus. In 
1962, a second study demonstrated that the intracellular 
growth of B. abortus within bovine phagocytic leukocytes was 
stimulated by bovine fetal fluids.
Erythritol, a 4-carbon alcohol, which is a constituent: of 
normal bovine fetal fluids was thought to be responsible for 
the preferential growth of Brucella within these cells. 
(Pearce et al., 1962). It was suggested that erythritol 
enhanced the growth of Brucella by providing a unique source 
of carbon for bacterial metabolism. Other simple sugars such 
as, glucose, mannose, galactose, fructose and N-acetyl 
glycocyamine failed to stimulate Brucella growth. 
Subsequently, a third study (Williams et al., 1965) was
conducted which focused on the relationship between 
erythritol and Brucella growth within fetal tissues. 
Erythritol was isolated from various fetal and adult tissues 
of pregnant cows and used as growth medium for the pathogenic 
strain 544 of B. abortus. A significant increase in the 
growth of this strain in the presence of erythritol was 
observed compared to cultures lacking erythritol. Injections 
of erythritol in 1 to 5 day-old-calves also enhanced 
infection with B. abortus. These studies concluded that 
fetal erythritol caused the predilection of B. abortus for 
fetal tissue in bovine brucellosis. It was also demonstrated 
that the injection of erythritol into guinea-pigs, 
subsequently a challenged with Brucella, increased the number 
of infected animals and the severity of the infection (Keppie 
et al, 1965).
Circumstantial evidence of the importance of erythritol 
as a growth stimulant of B. abortus was obtained following
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studies in which the erythritol was detected in placental 
extracts' of the cow, ewe, doe and sow (Bosserary, 1983) . 
Erythritol was not detected in placental extracts from 
placentas of human, rat, mice, rabbit or guinea pigs (Keppie 
et al., 1964) . The absence of erythritol in the placentas of 
these animal was used to explain the infrequent infection of 
their reproductive tracts with B. abortus.
Despite these studies which suggested that erythritol is 
the major factor which enhances Brucella growth in the 
tissues of the reproductive tract, other studies offer 
conflicting evidence. Mice, rats, rabbits and guinea-pigs, 
as mentioned above, do not contain erythritol in placental 
tissues. Not only do these species develop strong placental 
infections leading abortions, but the guinea pigs and mice 
have been selected as models for study of the pathogenesis of 
placental infection (Kniazeff et al., 1964; Bosseray and 
Diaz, 1974; Bosseray, N., 1980). Brucella abortus,
melitensis and suis sporadically infect the pregnant uterus 
of women resulting in placentitis, abortions and retention of 
placentas (Madkour, 1989).
In the 1980's, important studies were directed toward a 
better understanding of the pathogenesis of abortion induced 
by Brucella infection. In 1983, Bosseray studied the 
parameters influencing the colonization of the placenta and 
fetus, and immunity against Brucella infection using a 
pregnant mouse model. Bacterial counts in the spleen, the
placenta, and in the fetus were compared at various times 
post-infection. Three stages were recognized in the 
colonization process following intravenous challenge with 
pathogenic strain 544 of B. abortus. Initially, a "contact 
stage", was described characterized by the localization of 
small numbers of bacteria in the placenta few minutes after 
the challenge. The second stage occurred 3-6 hours post­
inoculation, when the level of infection averaged 1-3 colony 
forming units (CFU) per placenta. Rapid bacterial growth 
represented the final stage. Brucella organisms began 
multiplying rapidly, with a generation time of 4-6 Hr. 
Subsequently, 10s bacteria were present within placentas by 
72 hours post-challenge. However, the number of bacteria 
isolated from the spleen was higher initially, similar in the 
second stage and significantly lower during the growth phase. 
These results suggested that the placenta does not 
preferentially allow for Brucella localization; but, in fact, 
favors the multiplication of the few bacteria which 
originally colonized the placenta (Bosseray, N., 1983).
Other studies have documented the ability of B. abortus 
strain 19 to infect the placental tissues of vaccinated 
pregnant cattle. Rapid growth of strain-19 was noted in the 
placentas of these cattle (Corner and Alton, 1981). These 
observations cast doubt on the importance of erythritol in 
the placental tissue as a growth stimulant for B. abortus 
because this strain of bacteria is inhibited by the
physiological levels of the erythritol found in the placenta 
(Alton et al.f 1988). In one experiment which characterized 
the metabolism of the members of the genus Brucella, the 
oxidation rates of erythritol were correlated with the 
virulence of the bacteria in guinea pigs. Both freshly 
isolated and old isolated field strains of B. abortus were 
used in this study. The results indicated that within the 
species B. abortus, strain virulence for guinea pigs and 
growth enhancement by erythritol are independent 
characteristics. Both virulent and avirulent strains 
exhibited similar ranges in oxidative capability. Strain 19 
was the only strain of B. abortus that did not metabolize 
erythritol (Meyer, 1967). Recently, these results were 
corroborated by using the more modern and reliable method of 
gas liquid chromatography (Ewalt et al., 1990).
The ability to catabolize erythritol as a carbon source 
was suggested to be very limited among prokaryotes. Other 
than Brucella, only Serratia marcenses, a bacterial 
opportunistic pathogen, is capable of catabolizing erythritol 
(Slotnikc and Dougherty, 1972). Anderson and Smith (1965), 
stimulated the growth of a virulent strain of B. abortus by 
using low concentrations of erythritol in a medium containing 
high concentrations of glucose and a wide range of amino 
acids. Brucellae during their growth phase used almost twice 
their weight in erythritol as a carbon and energy source.
In addition, radiotracer studies further supported the
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observations that erythritol was used as a general carbon and 
energy source. Brucellae do not use the glycolytic pathway 
as a primary pathway. Instead, Brucellae use the pentose 
phosphate pathway, which is a relatively inefficient energy- 
producing pathway. More energy can be obtained by catabolism 
of erythritol (27 ATP/erythritol mol.) than by the catabolism 
of glucose (12 ATP/glucose mol.) (McCullough, 1968; Sperry 
and Roberton, 1975a). Sperry and Robertson described the 
pathway of erythritol catabolism in B. abortus. Cell 
extracts of B. abortus catabolized erythritol via a series of 
membrane-bound dehydrogenase, kinase and decarboxylases to 
dihydroxyacetone phosphate and C02. Erythritol catabolism is 
dependent on a functional electron transport system (ETS). 
Inhibitors of ETS caused significant inhibition of erythritol 
catabolism. It has been suggested that the ETS dependent 
mechanism is unique in Brucella. Another important discovery 
was that strain 19 lacks the enzyme D-erythrulose 1-phosphate 
dehydrogenase. Consequently, strain 19 growth in the 
presence of erythritol is apparently inhibited by the toxic 
buildup of D-erythrulose 1-phosphate (Sperry and Robertson, 
1975b).
Multiplication within trophoblastic cells. Anderson et al., 
(1986a) studied the lesions associated with placentitis and 
the contribution of trophoblast to the entry, localization, 
and replication of B . abortus in the caprine placenta.
Several healthy pregnant goats were inoculated
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intravenously, or by way of uterine arteries, with a 
pathogenic strain of B. abortus. The initial entry of B . 
abortus into placentas occurred in erythro-phagocytic 
trophoblast. The placentomal trophoblast are contiguous with 
the chorioallantoic trophoblast, hence, they may allow the 
spread of B. abortus to the cells of the chorioallantoic 
membrane (CAM). After intracellular replication, large 
numbers of Brucella were found within chorioallantoic 
trophoblast. It was suggested that trophoblast are the 
primary cell type involved in the pathogenesis of abortion by 
brucellosis.
The intracellular localization of Brucella was revealed 
in ultrastructural studies. Brucella abortus was detected in 
phagosomes and the rough endoplasmic reticulum (RER) of 
chorioallantoic trophoblast. This suggested that Brucella 
replicates in the lumen of the RER of trophoblastic cells 
utilizing proteins translocated into the organelle for its 
own metabolism (Anderson et al., 1986b). Morphometric 
analysis of B. abortus-infected trophoblast was also 
accomplished using caprine placentas. Results indicated a 
significant hypertrophy of RER filled with B . abortus in 
comparison with the normal RER observed in non-infected 
cells. The volume and surface density of RER in non-infected 
animal cells did not differ from cells from infected animals 
but not containing the bacteria.
The explanation for replication within RER is that
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Brucella uses newly synthesized proteins made on the 
hypertrophied RER. The Golgi apparatus did not show any 
alteration, thus, it was suggested that the increased content 
of bacteria within RER was not associated with a parallel 
increase in modification and sorting of trophoblast 
glycoproteins (Anderson and Cheville, 1986).
Although B. abortus is not an important pathogen of 
avian species, Detilleux et al. (1988a) used chicken embryos 
as a model for the study of early cellular events during 
Brucella infection of embryonic membranes. The study 
indicated that B. abortus replicates within the RER of 
mesenchymal, mesothelial, yolk endodermal and hepatic 
parenchymal cells. In mononuclear phagocytes, endothelial 
cells, and granulocytes, however, bacteria were within 
membrane-bound vesicles. Transfer to the RER may provide a 
mechanism for Brucella to escape intracellular digestion and 
contribute a favorable environment that enhances bacterial 
growth (Detilleux et al., 1988). Localization and 
replication within RER in trophoblast cells is, uncommon for 
bacteria; however, Legionella pneumphila has a similar 
intracellular localization within phagocytic cells (Horwitz, 
M. 1983) .
Similar experimental studies using mid-gestational 
cattle have demonstrated the intracellular localization of B. 
abortus within the RER of bovine trophoblast. Cows in mid­
gestation were infected by the conjunctival route with B.
abortus strain 2308. Infected trophoblast had membrane-bound 
RER cisternae containing Brucella. In necrotic trophoblast, 
cisternae were fragmented and the Brucella were free in the 
cytosol. In contrast to the infected trophoblast, s. abortus 
was not seen in RER of phagocytic cells. These observations 
suggested that Brucella replicates in RER in the bovine 
placenta as it does in the caprine placenta (Meador and 
Deyoe, 1989) . Another hypothesis was proposed to explain the 
localization of Brucella and its replication within RER. 
According to this scheme, Brucella first replicate in the 
cytoplasm of trophoblast cells other than RER, and then 
penetrates into lumen of the RER where replication continues. 
Once within the cisternae of the RER, Brucella may utilize 
proteins and assimilate free amino-acids into bacterial 
proteins. Brucella fail to grow in vitro in culture media 
devoid of amino-acids (Corbel and Bringlye-Morgan, 1984). In 
addition, B. abortus might use the RER for the synthesis and 
glycosylation of bacterial membrane proteins by way of 
mechanisms similar to those of eukaryotic protein synthesis 
(Wichner and Lodish., 1985). There is no experimental
evidence to support the last hypotheses.
Recently, the internalization and intracellular growth 
of B. abortus within non-phagocytic cells (Vero) in vitro was 
evaluated (Detilleux et al., 1990b). In this investigation 
rough and smooth strains of B. abortus were utilized. Both 
smooth and rough B. abortus replicated within cisterna of RER
of Vero cells based on electron microscopic examination. 
Clusters of two to four brucellae were found within phago­
lysosomes, especially in sparsely infected cells that did not 
contain Brucella within the RER. It was suggested that in 
Vero cells those bacteria that failed to enter the RER were 
destroyed. The maximal intracellular growth of B. abortus 
occurred between 24 and 36 hrs post-inoculation. The 
intracellular growth pattern was the same for all bacterial 
strains, despite the fact that a 10% reduction numbers with 
strain 19.
In a similar in vitro experiment, three different B . 
abortus strains, the smooth S-2308, the vaccine S-19 and the 
rough S-RB51 were used to infect chorioallantoic membrane 
trophoblast (CAMs) . The same pattern of bacterial growth was 
reported, by bacterial counts. Cytotoxic effects of these 
bacteria on CAMs were also evaluated. A morphometric 
analysis of the damage produced in the CAMs showed that the 
cytotoxic effects associated with the pathogenic S-2308 were 
significantly greater than effects associated with the other 
two strains. It was also noted that a crude filtrate of heat 
killed S-2308 caused minimum damage to CAMs, which suggesting 
that Brucella endotoxin may play a minor role in the damage. 
(Samartino and Enright, in press). Detilleux et al., (1990c) 
proposed a unique mechanism for entry and replication of 
Brucella. The presence of coated-pits in association with 
Brucella attached at the surface of Vero cells, was
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demonstrated in electron-microscopic studies. This
observation suggested that Brucella uptake may be receptor 
mediated. Bacteria-induced receptor-mediated vesicular 
transport may also be involved in movement of Brucella from 
the surface of the infected cells to the RER. It was 
suggested that Brucella penetration in RER may be due to a 
recognition signal provided by a bacterial protein.
Placental hormones have also been proposed as 
stimulatory factors for the growth of 3. abortus. 
Progesterone, which has been demonstrated to enhance the 
growth of Brucella in vitro, is synthesized in the smooth 
endoplasmic reticulum and secreted by ruminant trophoblast in 
middle and late gestation. Progesterone has also been 
mentioned as a factor capable of stimulating the Brucella 
tropism for gravid placentas (Steven, 1983).
Many important questions related to Brucella infection 
of the pregnant uterus, its growth within these tissues, and 
the mechanisms of abortion remain unanswered. Vital 
information concerning the synthesis and catabolism of 
placental hormones and erythritol during early, middle and 
late gestation must be addressed in order to understand which 
factors are responsible for the ability of Brucella to infect 
these tissues. There is no information concerning the 
erythritol concentration in early placentas or the pattern of 
products synthesized by trophoblastic cells after Brucella 
infection.
CHAPTER 2
COMPARATIVE GROWTH Of BRUCELLA ABORTUS in BOVINE 
CHORIOALLANTOIC MEMBRANE EXPLANTS from EARLY and
LATE GESTATION
INTRODUCTION
In pregnant cattle, initial replication of Brucella 
abortus occurs in lymph nodes draining the oro-pharynx 
followed by variable periods of bacteremia with localization 
and rapid multiplication of the bacteria within fetal 
tissues. Infected cattle frequently abort after mid-gestation 
(Nicoletti 1980). The placenta, fetal fluid and aborted 
fetus serve as major sources of infection to other animals. 
As many as 1.4 x 1013 colony forming units (CFU) of B. abortus 
may be present in these tissues (Alexander et al., 1981). 
Brucella abortus preferentially replicates within the extra- 
placentomal trophoblast of the bovine placenta (Anderson et 
al., 1986). Despite the fact that extra-placentomal 
trophoblasts were known to be infected with B. abortus as 
early as 1919 (Smith), the cellular and molecular mechanisms 
responsible for preferential growth of the bacteria within 
these cells is not known. Brucella abortus replication 
occurs within the rough endoplasmic reticulum of infected 
trophoblastic cell in both goats and cattle (Anderson et al., 
1986; Meador et al., 1989). The inability of B . abortus to 
establish uterine infection and cause abortion in bacteremic 
cattle prior to the middle stages of gestation is also not
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understood.The susceptibility of pregnant cattle to 
experimental B. abortus infection has been documented to 
increase during the latter stages of gestation (Crawford et 
al., 1987). Delayed infection of the pregnant uterus can be 
explained by either a failure of the bacteria to gain access 
to the placental tissues or by the inability of the placental 
trophoblast to support the replication of the bacteria. In 
this study an in vitro model is used to compare the growth 
rate and cytotoxicity of B . abortus inoculated into 
chorioallantoic membrane explants (CAMs) from cattle during 
early and late gestation.
MATERIALS AND METHODS
Source of chorionic trophoblast. Eight gravid uteri were 
used as sources of CAMs. Four bovine placentas from 60-120 
days of gestation (early) and four bovine placentas from 180- 
240 days of gestation (late) were used in these experiments 
to establish CAMs. Stage of gestation was estimated from the 
crown-rump length of fetuses as well as from widely used 
measurements (Evans and Sack, 1983). The CAMs were removed 
aseptically from uteri and placed in Dulbecco's Modified 
Eagle's Medium (DMEM, GIBCO laboratories, Grand Island, NY) 
containing 5% penicillin-streptomycin (Sigma, St Louis, MO) . 
Membranes were subsequently washed with phosphate buffered 
saline (PBS, pH 7.2) Ca2+ Mg2+ free, sectioned and placed onto
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plastic rings in 6 well tissue plates (Costar, Cambridge, HA) 
as previously described (Samartino and Enright, 1992). 
Bacteria growth and culture conditions. Brucella, abortus 
smooth strain 2308 was used in these experiments (Dr. 
B.L.Deyoe, USDA/NADC, Ames, IA) . The bacteria were grown on 
tryptose agar (Difco lab, Detroit) and diluted to a 
concentration of approximately 6 x 107 bacteria/ml in PBS. 
The CAMs were inoculated with 1 ml of the bacterial 
suspension and incubated for 4 hours at 37°C. After 
incubation, the inocula were removed and the CAMs gently 
washed 3 times with 5 ml of PBS. Fresh media containing a 
minimal Brucella inhibitory concentration of 20 ug of 
streptomycin sulfate/ml was added to the culture wells to 
prevent extracellular B. abortus growth in the supernatants. 
This concentration of streptomycin does not interfere with 
the growth of B. abortus within CAMs. At the appropriate 
time, each of the CAMs were homogenized in PBS using (Ten- 
Broek) tissue grinders; serial ten-fold dilutions of the 
homogenate were then plated on tryptose agar. Each half of 
the co-cultured CAMs were processed separately and the 
bacteria counted as described above. Bacterial counts and 
estimates of cytotoxicity per unit membrane area were 
corrected for half membranes by multiplying by 2. The agar 
plates were incubated at 37°C in 5% C02 for 7 days. The 
bacterial colonies were enumerated and the average number of 
CFU/ml was determined.
Morphometric analysis. All morphometric analyses of the CAMs 
were performed prior to homogenization of the explants for 
bacterial counting. At the end of each predetermined 
incubation period, each CAM was stained using 0.04% trypan 
blue to determine the area damaged. Each CAM was rinsed 
three times with PBS and recorded by drawing the total and 
stained area using a stereo dissecting microscope with an 
attached drawing tube (Olympus). All drawing of CAMs was 
performed at a magnification of 150-X. Measurement of CAMs 
was done by semiautomatic computerized morphometry (Bioquant 
IV, R&M Biometrics, Nashville, TN). The percent of
cytotoxicity was calculated as follows
Stained area x 100 = % of cytotoxicity 
Total area
Experimental design. In the initial experiments, CAMs from 
both early and late gestation were established. Bacterial 
growth and cytotoxic effects were compared in both types of 
CAMs following B . abortus inoculation. Both groups of CAMs 
were inoculated with equal numbers of B. abortus strain 2308. 
CAMs were then harvested at 8, 12, 16, 24 and 28 hrs post­
inoculation; and the numbers of B. abortus determined. The 
tissue culture supernatants were cultured and found to be 
free of Brucella. In a second series of experiments, two 
groups of co-cultures (CC) were established. Early co­
cultures consisted of one half of an early membrane 
overlaying an intact late membrane. Late co-cultures
consisting of one half of a late membrane overlaying an
intact early membrane. Both co-cultures were inoculated with 
B. abortus and harvested as above. Supernatant samples from 
bacterial inoculated whole CAMs were collected and pooled at 
28 hrs post-inoculation. Control supernatant from PBS 
inoculated CAMs were collected and pooled at 28 hrs post­
incubation. These supernatants were used as a sole source of 
media for culturing early CAMs and late CAMs and for 
culturing both early and late co-cultured CAMs to determine 
the effects of soluble factors present in supernatants on B. 
abortus growth and cytotoxicity. Bacterial numbers were 
determined as described above. In both, whole and co-cultured 
CAMs were analyzed morphometrically 16 hr post-inoculation. 
All assays were performed by triplicate at each time point. 
Negative controls consisted of CC, early CAMs and late CAMs 
inoculated with PBS. Positive controls for supernatant and 
co-cultured tissue consisted of whole membranes inoculated 
with B . abortus.
Analysis of data. Statistical analysis was performed by 
analysis of variance, using a Statistical Analysis Systems 
(SAS, 1985). Sheffe's multiple range test was used to 
determine the significance of the difference among CAMs 
groups. Comparisons with a probability value of P<0.05 were 
considered to be significant.
RESULTS
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Brucella abortus replication within CAMs. The comparison of 
bacterial colonies counted between early and late co­
cultures, between early CAMs and late CAMs and among the 4 
groups failed to demonstrate significant differences at 8 hrs 
(P>0.05). At 12, 16, 20 and 28 hrs, however, significant
differences in bacterial counts (P<0.05) were found when 
early and late CAMs were compared and when early and late co­
cultures were compared (Figure 1). At the same time 
intervals the numbers of CFUs in late CAMs and late co­
cultures were significantly greater than those in early CAMs 
and early co-cultures. When bacterial counts were adjusted 
for surface area no significative differences (P>0.05) were 
noted between whole and half CAMs from the same age (Figure 
1).
Influence of Supernatants Neither co-cultures nor early and 
late CAMs were influenced by the addition of supernatants 
from early or late £. abortus inoculated CAMs. After 8 hrs 
post-inoculation no significant differences (P>0.05) were 
found among inoculated early CAMs cultured with either young 
or old supernatant and those inoculated with S-2308 alone 
(Table 1). Likewise, no significant differences (P>0.05) 
were noted among similarly treated late CAMs. No significant 
differences were found between either group of explants at 8 
hours post-inoculation. At 16 hrs post-inoculation no
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significant differences (P>0.05) were found among same age 
explants. However, significant differences (P<0.05) were 
found when early and late CAM groups were compared. Brucella 
abortus colonies counted from inoculated late CAMs (controls) 
were approximately 16 times greater than the numbers of 
colonies counted in early CAMs (controls). Within age 
differences of co-cultured CAMs exposed to various 
supernatants were not noted (data not show).
Cytotoxic effects. The percent of cytotoxicity was measured 
in early and late CAMs and co-cultured CAMs infected with B. 
abortus (Figure 2) . At 8 hrs no significant differences 
(P>0.05) were found in any groups. At 12 hrs significant 
differences (P<0.05) were found among late CAMs and all other 
groups of explants. At 16 hrs, the percent area affected in 
late CAMs and co-cultured late CAMs was significantly greater 
than the other groups. At 28 hrs, the percent of 
cytotoxicity in late infected CAMs, both whole and co­
cultures, was significantly greater than in the other groups 
of explants. Cytotoxicity was less than 2% in all negative 
control groups inoculated with PBS.
The influence of soluble factors on the susceptibility 
of both age groups to B. abortus replication and cytotoxicity 
was evaluated at 16 hrs post-inoculation (Figure 3) . No 
significant differences (P>0.05) were noted in the cytotoxic 
effects of B. abortus on CAMs of the same age. Likewise no 











a * M EARLY CAMS
30000- @  EARLY CC
. M LATE CAMS
20000- □  LATECC
10000-
r i«
_ _ n  . I I
8 1 2  1 6 2 4  2 8
TIME (hours)
Figure 1. Growth of B. abortus within 
early, late, and co-cultured CAMs.
>. 40-io #*5o










8 2 41 2  1 6  TIME rhnnrsl 
Figure 2. Cytotoxic effects of B. abortus





2  10 o >.O
h-
■  Control 
E3 Early Sup 
M Late Sup 
^  No Sup
i A__
Early CAMs Late CAMs
Figure 3. Supernatant influence on 
cytotoxic effects in early and late CAMs. 
Measurements were done at 16 hours post 
inoculation.
42




Time*** Late Sp* Early Sp* Control**
8 hours 23.96 ±  (1.10) 22.6 ±  (0.64) 23.9 ±  (0.94)
16 hours 573.26 ±  (33.99) 577.5 ±  (51.31) 581.1 ±  (31.8)
Late CAMs
Supernatant
Time*** Late Sp* Early Sp* Control**
8 hours 35.83 ±  (0.61) 32.06 ±  (2.90) 33.8 ±  (1.23)
16 hours 9294.1 ±  (161.5) 8886 ±  (130.6) 9068.2 ±  (106.6)
Brucella abortus values are expressed in colony forming units/ml ±  STD of 
triplicate cultures.
* =  supernatants collected 24 hours post-inoculation of B. abortus onto CAMs 
derived from either late gestational placentas or from early gestational placentas. 
** = Control in his experiment refers to culture of either late or early CAMs in 
non-conditional media.
*** Time refers to hours post-inoculation with 6 x 107/ml B. abortus.
In both, early and late CAMs no significant difference was observed in bacteria 
replication at 8 hours. At 16 hours no significant difference were observed in 
CAMs within same groups, however, significant differences were observed in 
bacterial replication between Late and Early CAMs.
43
various supernatants. Significant differences (P<0.05) were 
present between both groups of inoculated explants from 
different ages.
DISCUSSION
Internalization of 3. abortus strain 2308 by the early and 
late trophoblast cells in bovine CAMs was almost identical. 
In contrast, Brucella replication rates differed 
significantly in CAMs derived from early and late gestation. 
In CAMs obtained from 2-4 month old placentas, limited 
bacterial replication was demonstrated when compared to the 
rapid growth of 3. abortus in CAMs obtained from 6-8 month 
old placentas. These findings may have important
implications for understanding the pathogenesis of the 
abortions in brucellosis. The difference in the replicative 
capability of the bacteria may reflect altered metabolic 
conditions in early versus late bovine placentas.
Placental infection of cattle with 3. abortus has been 
thoroughly documented during the late stage of gestation 
(Smith et al., 1919; Payne, 1959; Smith et al., 1962;). The 
marked tropism of 3. abortus for the placenta of pregnant 
cattle has been attributed to the presence of erythritol in 
these tissues (Keppie et al., 1965; Sperry et al.,1975; 
Meyer, 1967a). Nevertheless, the absolute requirement for 
erythritol to stimulate 3. abortus
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replication has been questioned (Mayer, 1985b; Bosseray et 
al., 1987). In the present study, erythritol was not 
considered to be
a factor in the increased replication of S. abortus strain 
2308 in late CAMs. In previous studies using the same in 
vitro model used here, it was demonstrated that the growth 
rates of both S-19, which is inhibited by erythritol (Alton 
et al., 1988), and S-2308 in CAMs from 180-240 days old 
placentas are equal (Samartino and Enright, 1991). Likewise, 
no differences were noted in the growth rates of S-19 and S- 
2308 in the CAMs from early gestation (Samartino and Enright, 
1990). The inability of CAMs from early gestation to 
stimulate the growth of 5. abortus as was observed in CAMs 
from late gestation could result from several basic 
differences in the cells. Inhibitory factors for Brucella 
growth may be present in early placental tissues and absent 
from these tissues in late gestation. Conversely stimulatory 
factors for B . abortus growth may be present in late 
placental tissues but absent from early placental tissues.
This study includes a series of experiments designed to 
establish the presence of either inhibitory or stimulatory 
factors in these explants. CAM co-cultures and the culture of 
CAMs in the presence of supernatants from previously cultured 
infected and non-infected CAMs from both early and late 
gestation failed to influence the growth of the bacteria. 
These experiments suggest that soluble factors are not
45
involved in either the inhibition or in the stimulation of 5. 
abortus replication.
Placental trophoblasts are remarkably metabolically 
active cells (Heap et al., 1983). Furthermore, these cells 
undergo substantial changes in their metabolic and secretory 
products during gestation. This investigation suggests the 
possibility that differential growth of 3. abortus observed 
in early and late CAMs results from basic differences in the 
biological processes associated with growth and 
differentiation of the placental tissues. Additional studies 
characterizing the metabolic products of early and late CAMS 
must be conducted in order to establish the mechanisms 
responsible for the enhanced growth of 3. abortus in bovine 
trophoblast cells during the last trimester placentas.
CHAPTER 3
LONG-TERM CULTURE and PARTIAL CHARACTERIZATION of 
BOVINE TROPHOBLASTIC CELL
INTRODUCTION
Trophoblastic cells form the interface between the fetus 
and uterus and are therefore central to the successful 
establishment and progression of pregnancy. These cells are 
the site of exchange of respiratory gases, nutrients and 
waste substances between the fetal and maternal circulation 
(King, 1986; Tien Yeh and Kurman, 1989) . Ruminant 
trophoblastic cells also provide a barrier to infectious 
agents and are able to synthesize proteins, steroids and 
prostaglandins which are fundamental for pregnancy 
recognition, pregnancy maintenance and the initiation of 
parturition (Godkin et al, 1985; Shemesh et al., 1977; Heap 
et al., 1983). Two types of cells are found within the 
chorionic epithelium. The principal cells which are 
uninucleate and cuboidal or columnar in shape represent a 
majority of the cells in this tissue while binucleate cells 
constitute approximately 20% of the cell population (Steven 
et al. , 1983). A major factor which limits experiments using 
bovine trophoblast cell lines is that only two cell lines are 
currently available. Recently, successful culture of 
trophoblastic cells from embryos and bovine placentomes has 
been reported (Stringfellow et al., 1987; Munson et al.,
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1988). I describe here a simple, reliable and reproducible 
method of culturing primary trophoblastic cells from the 
extra-placentomal chorioallantoic membrane of the bovine 
placenta in the 8* month of gestation.
MATERIALS and METHODS
Collection of chorioallantoic membranes. Intact bovine uteri 
from pregnancies of 7-8 months duration were collected at a 
slaughterhouse and transported on ice to the laboratory. The 
stage of gestation was estimated by using crown-rump length 
of the fetus (Rexroad et al., 1974). The fetus and fetal 
fluids were removed under aseptic conditions. Cotyledons 
were manually separated from the caruncles and allantoic 
stroma together with blood vessels underlying the chorion 
were removed. The chorionic tissue was washed thoroughly 
with calcium (Ca2+) and magnesium (Mg2+) free phosphate 
buffered saline (PBS) to remove blood. The placental tissue 
was then placed in Dulbecco's modified Eagle medium (DMEM) 
(GIBCO, Grand Island, NY) containing 2X Antibiotic- 
Antimycotic (Sigma Chemical Co., St. Louis, MO) and washed 5 
times. Placentomes were dissected from chorioallantoic 
membranes and discarded. The remaining chorioallantoic 
membrane was cut into approximately 1 - 2  mm cubes. The 
dissected tissue was placed in a sterile Erlenmeyer flask, 
covered with 0.1% collagenase solution (Sigma), and incubated
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at 37°C on a stir-plate with a stir-bar for 2 hrs. After 
that, undissociated tissue was removed by filtration through 
two layers of cotton gauze. The filtrate was mixed with DMEM 
culture media with 2% fetal bovine serum (FBS), (Hyclone, 
Logan, UT). The dissociated cells were collected by 
centrifugation at 400 X g for 10 minutes.
Primary cell cultures. The cells were resuspended in 
complete medium consisting of 500 ml of a 1:1 mixture of 
Ham's F12 nutrient medium and DMEM (pH 7.3), containing 5 
ng/ml selenium, 5 #*g/ml transferrin, 5 ng/ml insulin, 10 
ng/ml epidermal growth factor (Sigma), 100 IU/ml penicillin, 
100 fig/m 1 streptomycin, and 10% fetal bovine serum. All cell 
preparations were counted on a hemacytometer, viability was 
determined by Trypan blue exclusion (0.04%). Cell numbers 
were then adjusted to 5.5 X 10s cells/ml and placed with 4 ml 
media in 25 cm2 flasks at 37°C in a humidified atmosphere of 
air and 5% C02. The flasks were undisturbed for 4 days. 
Initially, cell attachment at 4 days of incubation was 
slight. Cells were incubated until day 10 at which time 
numerous trophoblastic cells were attached. At this time, 
non-attached cells were discarded, media was changed, and 
cell growth was observed every other day using an inverted 
microscope. Trophoblastic cells that had attached to the 
culture flask and formed confluent monolayers were used in 
these studies. Cultures in which the total number of 
fibroblast-like cells exceeded 20% of the total cell
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population were discarded. The morphology of the cells was 
evaluated by phase contrast microscopy and bright field 
microscopy after May-Grunwald-Giemsa staining.
Following another change of media the cells were allowed 
to reach confluence over approximately 40% of the surface of 
the flasks. The cells were then treated with 0.5% trypsin- 
EDTA and suspended cells were subcultured at a 1:2 dilution. 
After 2 to 3 subpassages the cells grew and reached 
confluence after 4 days of incubation and media was changed 
every other day. As the monolayers reached approximately 90% 
confluence, the media was aspirated and 5 ml of 0.05% trypsin 
was added and the plates placed in the incubator for 5 
minutes. After cell detachment, they were treated with 
complete media to inactivate trypsin. The cell suspension 
was then transferred to new 25 cm2 flasks at a 1:3 dilution 
of the media.
Cell cryo-preservation. For frozen storage, monolayers of 
approximately 106 cells were trypsinized with 0.5% trypsin- 
EDTA and transferred to cryovials (Corning) in complete 
medium containing 10% dimethylsulfoxide (DMSO) (Sigma). The 
cells were frozen in a control rate freezer (Planer) to - 
60°C. The cryovials were then placed in the gas phase of a 
liquid nitrogen (LN2) (Union Carbide) storage tank at -140°C. 
Cell characterization. Growth curves were done to measure 
growth rates. Seven different treatment groups were used to 
characterize various growth factors necessary for cell growth
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(Fresnhey, 1983; Munson et al., 1988). The different 
treatments are: Complete medium; Complete medium without
insulin, transferrin, and selenium (ITS); Complete medium 
without epidermal growth factor (EGF); Complete medium 
without ITS and EGF; Complete medium with progesterone (P4 10 
ng/ml); Complete media with progesterone (P4 100 ng/ml); and 
Complete media with progesterone (100 ng/ml) but without EGF. 
Cells were counted as described above at 24 and 72 hours of 
culture.
Intermediate filaments (IF) characterization.
Immunohistochemical techniques were applied to determine the 
presence and distribution of intermediate filaments 
containing cytokeratin, desmin and vimentin within the 
cultured cells. Cells were grown as described, detached with 
0.5% trypsin-EDTA for 2 minutes at 37°C and suspended in 
complete media. Suspended cells were then centrifuged at 300 
X g. Pellets were fixed in 10% neutral buffered formalin for 
60 minutes, processed, dehydrated, and embedded in paraffin. 
Four-micron-thick sections were cut and placed onto xylene- 
coated slides. Subsequently, samples were deparaffinized and 
rehydrated in an ethanol series (80% - 70% - 60% - 50% - 40% 
- 3 0 %  - 2 0 % -  10%) to water. Sections were covered for 30 
minutes at room temperature with 0.3% hydrogen peroxide in 
methanol to block endogenous peroxidase activity. These 
sections were then rinsed with 0.05 M tris buffer (pH 7.6) 
and incubated for 30 minutes at 37°C in 0.1% trypsin with
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0.1% CaCl2 in tris buffer. The sections were rinsed twice 
with tris buffer and then once with PBS containing 1% bovine 
serum albumin (BSA) .
For IF characterization a biotin-streptavidin system was 
used (StrAviGen1111, super sensitive system, BioGenex 
Laboratories, San Ramon, Ca). The cells were incubated for 
2 hrs with the following primary monoclonal antibodies to 
cytokeratins, AE1 and AE3 (BioGenex), vimentin (BioGenex) and 
desmin (Dako, M724). The primary antibody was diluted in PBS 
with 1% BSA. Following incubation the sections were washed 
with PBS containing 1% BSA, and then re-incubated with a 
biotinylated anti-mouse immunoglobulin secondary antibody for 
30 minutes and washed with PBS with 1% BSA, labeled with 
streptavidin-peroxidase for 45 minutes, then washed with PBS 
with 1% BSA. The sections were then covered with the 
chromogen, 3-amino-9-ethylcarbazol, in 0.2 M sodium acetate 
(pH 5.2) for 10 min. Slides were rinsed in distilled water, 
counter-stained with Mayer's hematoxylin, rinsed in tap water 
and mounted with an aqueous mounting media. All incubations 
were done at room temperature (RT). Negative controls 
consisted of the primary antibody alone and substitution of 
normal mouse serum for the primary antibody to control for 
non-specific binding of mouse immunoglobulins to the cells or 
filaments. Positive controls consisted of sections of normal 
or neoplastic tissues from various cell germ lines known to 
contain specific IF proteins.
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Electron microscopy. Cells subcultured 3 to 8 times were 
grown on petri dishes (LUX, EH sciences) until confluence was 
reached. Subsequently, the cells were fixed in 3% 
glutaraldehyde at RT in 0.1 H sodium cacodylate buffer (pH 
7.2) for 1 hr. Cells were washed three times in cacodylate 
buffer for 45 min (15 min each) and then post-fixed with 1% 
osmium tetroxide in cacodylate buffer for 1 hr. Cells were 
then washed three times in 0.1 H cacodylate buffer containing 
5% sucrose, (15 min each), dehydrated through an ethanol 
gradient solution and embedded in Epon-araldite. Thin 
sections of the embedded cells were cut about 60-80 nm thick 
and stained 20 min with uranyl acetate and counter stained 10 
minutes with lead citrate. These sections were examined 
using a Zeiss EM 10 transmission electron microscope. 
Statistical analysis. The effect of treatments on the 
trophoblastic cells was assessed by an analysis of variance 
using the General Linear Models program (SAS).
RESULTS
The viability of the trophoblast cultures prepared by 
the method described above was between 40 and 60% after the 
second day of incubation with less than 30% of the cells 
attached to the flask. Viability increased to 60 to 80% 
after the first change of growth media at day 5 with 50% of 
the cells attached. Epithelial-like cells were attached and
transferred successfully after 12 days of incubation at 
yields of between 5 x 10s and 2 X 106 cells/ml per flask and 
with no less than 95% viability. Cultures of these cells 
rarely became overgrown with fibroblast-like cells. In 
cultures where fibroblast-like cells were observed, 
hydroxyproline was added to the media to suppress fibroblast 
growth. In addition, fibroblast-like cells were more 
resistent to trypsinization than the epithelial cells. Two 
minutes of 0.05% trypsin-EDTA at 37°C resulted in removal of 
epithelioid-like cells at a faster rate than fibroblastic- 
like cells. Both trypsinization and adding hydroxyproline to 
the media reduced the number of fibroblasts. The optimal 
time for subculture is between 70 and 90% confluence. It was 
observed that when 100% of cells reached confluence, the 
following subcultures did not grow as rapidly as those cells 
transferred before reaching confluence.
Morphologically, the adherent cells obtained after 24 
hrs in the first subculture were epithelioid, polygonal in 
shape with abundant cytoplasm, and usually contained more 
than one prominent nucleolus (Figure 4). A majority of cells 
were mononuclear, and binucleate cells comprised 
approximately 20% of the population. After 48 hours the 
cells had become 80% confluent, and binucleate cells were 
more frequently observed. Occasionally syncytial type cells 
were observed. These syncytial cells had abundant cytoplasm, 
their chromatin pattern was more condensed than that of
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polygonal cells, and their nuclei contained 4 to 5 nucleoli. 
After 3 days in culture all cells became vacuolated and 
granular in appearance (Figure 5)
Depending upon the. composition of the growth medium, 
significant differences in cell numbers were noted at 24 and 
72 hrs of cultivation. After both 24 and 72 hrs in culture 
fewer (P < 0.05) cells were present in cultures containing 
media without ITS and EGF. (Figure 6 and 7). Decreased cell 
growth was also noted at both 24 and 72 hrs of culture in 
media devoid of EGF. It was observed that when progesterone 
was added to EGF-deprived complete media, cell counts 
decreased. Media without ITS did not result in decreasing 
cell numbers. None of the trophoblastic cells formed 
monolayers in serum-free medium (data not shown). 
Immunohistochemical analysis. Following 3 days of
incubation, three replicates of the cell cultures were 
examined. These trophoblastic cells stained strongly 
positive for cytokeratin. Staining was diffuse throughout the 
cytoplasm of the cells. The cells also stained positive with 
vimentin. However, stain was focally scattered through the 
cytoplasm of these cells. These cells failed to stain for 
desmin. After 7 days in culture, similar staining patterns 
were observed with these cells.
Ultrastructural Analysis. Trophoblastic cells had a 
pronounced nucleus containing one or more nucleoli (Figure 
8) . The nucleus was generally ovoid but in some cells the
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nucleus was irregular in outline. The nucleoli were dense 
and granular in texture. Binucleate cells frequently had 
multiple nucleoli and abundant secretory-like granules within 
the cytoplasm (Figure 9) . Many different mitochondrial 
profile were seen as well as large amounts of rough and 
smooth endoplasmic reticulum (Figure 10). Microvilli were 
noted in all examined cells. Secretory-like granules were 
observed throughout the cytoplasm of these cells. Coated 
pits with bounded vesicles were frequently observed. Most of 
the cells were extensively vacuolated, and lipids droplets 
were also observed (Figure 11).
DISCUSSION
Cell numbers were determined following the culture of 
cells in media with and without various growth factors. 
Epidermal growth factor was demonstrated to be necessary for 
trophoblast multiplication. Epidermal growth factor added to 
the cultured cells caused proliferation of the epithelial 
cells and decreased dramatically the presence of fibroblastic 
cells. This observation has been previously reported for 
placentomal bovine trophoblast cells (Munson et al., 1988). 
In human trophoblasts, EGF regulated protein phosphorylation 
by inducing activation of a membrane protein kinase which 
resulted in increased cell proliferation (Lai and Guyda, 
1984; Cohen et al., 1987). A similar regulation of cellular
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Figure 4. Morphologic features of extra-placentoma cell line 
after 3 days of incubation. Cells vary in shape with 
pleomorphic nuclei and prominent nucleoli. A binucleate cell 
is indicated by the black arrow. Phase contrast microscopy X 200.
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Figure 5. Monolayer of bovine extra-placentomal cell line 
after 5 days of incubation stained with Giemsa. Note a 
binucleate cell (white arrow). The presence of a large cells 
containing numerous vacuoles are noted (black arrows). Open 
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Figure 7. Effect of different conditioned 
media on bovine trophoblastic cell cultures.
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Figure 8. Transmission electron micrograph of trophoblastic 
cell line derived from extra-placentomal bovine placenta. 
Note the presence of a irregular nucleus (N) containing a 
prominent nucleolus (black arrow) bar = 0.1 pm
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Figure 9. Transmission electron micrograph of trophoblastic 
cell line of a binucleate cell derived from a bovine extra- 
placentomal placenta. Note the presence of several nucleoli 
in both nucleus, bar = 0.1
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mk
Figure 10. Transmission electron micrograph of cytoplasm of 
trophoblastic cell derived from extra-placentomal bovine 
placenta Big arrow show cellular processes. Small arrow show 
mitochondrias. A few vacuoles contain not discernible 
electron dense material, bar = 0.5
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Figure 11. Electron micrograph of trophoblastic cell derived 
from extra-placentomal placenta. Note the presence of 
mitochondria in various shape (black arrows). Open arrows indicate filaments, bar = 0.5
behavior was observed with EGF in epithelial and mesenchymal 
cell lines (Hogmann et al.f 1991). The trophoblast growth 
rates were elevated in cells which were subcultured prior to 
reaching 100% confluence. The increased density of cells 
induces down regulation of EGF receptors decreasing the
cellular growth rate (Rizzino et al., 1990). Interestingly
enough, in contrast to the results reported for bovine
placentomal-derived trophoblast cells (Munson et al., 1988), 
the growth rate of extra-placentomal cells was not affected 
by the addition of ITS. However, ITS appears to be
associated with the maintenance of the polygonal shape, 
characteristic of epithelial cells. These cells exhibited 
steady replicative activities until 10 passages when the 
growth rate decreased. The total life span of the cell 
culture was not determined; and although there was a decrease 
in growth rate, the cells were not in senescence after 13 
passages and more than 40 days in culture.
The characterization of intermediate filaments has been 
shown to be a useful in defining histogenic derivation of 
cells.
cytokeratins are one of the five classes of intermediate 
filament proteins and are found exclusively in cells 
displaying epithelial differentiation (Virtanen et al.,1985; 
McNutt et al., 1988). Trophoblast cells are epithelial, and 
it should therefore be possible to distinguish them from 
mesenchymal cells by localizing the expression cytokeratins.
Cytokeratin is a sensitive and reliable marker for 
trophoblastic tissue (Daya et al., 1991). In this study 100% 
of the cultured cells examined proved to be strongly 
cytokeratin-positive. Vimentin was also consistently found 
scattered throughout the cytoplasm of these cells. Vimentin 
is expressed in virtually all mesenchymal cells (Simonton et 
al., 1988; Virtanen et al., 1985). However, it is known that 
vimentin is not a reliable marker for determining the origin 
of the cells, because epithelial cells are known to co­
express cytokeratin and vimentin as a consequence of 
adaptation to tissue culture (Osborn and Weber, 1983). In 
the placenta of women and rats, the presence of cytokeratin 
in preimplantation embryo trophectoderm has been described, 
as well as its absence in the inner cell mass (Jackson et al, 
1980; Dearden, et al 1983). Furthermore, intermediate 
filament typing has not been widely performed in the tissue 
culture setting, where stringent environmental pressures may 
indeed select for more primitive populations of cells. Co­
expression of cytokeratin and vimentin by these trophoblast 
cells cannot be discounted as similar co-expression has been 
demonstrated in other type of bovine cells such as bovine 
granulosa cell lines (Hoshi et al, 1991). Desmin is a 
cytoplasmic protein characteristically found in muscle cells 
and in their neoplasms (Virtanen et al., 1985; Wick M, 1988). 
In this experiment no cultured cells expressed desmin.
These immunohistochemical findings agreed with the
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expected distribution of IF based on the ectodermal or 
mesodermal origin of the placental elements, and they 
provided a marker for identifying trophoblast cells in 
culture. The fact that all cultures were strongly positive 
for cytokeratin, positive for vimentin, but negative for 
desmin indicates that these cell were ectodermally-derived 
epithelial cells, with no evidence of contamination by fetal 
mesenchymal. The lack of mesenchymal overgrowth remains 
unexplained but may be related to:
1.- A low number of fibroblast present initially;
2.- Selective trypsinization procedures;
3.- Inhibition of fibroblast multiplication by 
hydroxyproline incorporated into the media (Freshney, 
1987).
4.- The presence of EGF which stimulated the growth of 
epithelial cells but does not stimulate growth of 
mesenchymal cells (Truman and Ford, 1986).
These results are in agreement with previous 
observations in studies with placental cells cultured from 
humans (Vettenranta et al., 1986).
The ultrastructural studies clearly indicate that 
trophoblasts obtained from S^-month-gravid cows are highly 
metabolic. The presence of abundant RER and SER as well as 
numerous secretory granules and mitochondria are 
characteristic of metabolically active cells. Secretory 
granules have been described in human trophoblast cells as
characteristic of the last trimester of gestation. Coated 
pits, usually thought to be involved in selective protein 
uptake and transport from the extra cellular environment, 
were found in many cells examined. This trophoblast cell 
line can provide an experimental system for physiological 
studies of the metabolism of these specialized cells in 
bovine placentas. In addition, these cells offer an 
opportunity to examine in vitro the pathogenesis of disease 
caused either by viruses and/or bacteria during the last 
trimester of gestation in cattle.
CHAPTER 4
INVASION and REPLICATION Of BRUCELLA ABORTUS in THREE 
DIFFERENT TROPHOBLAST CELL LINES
INTRODUCTION
Brucella abortus is a Gram-negative, facultative 
intracellular bacteria which in ruminants has a singular 
predilection for lymphoid and reproductive organs (Payne, 
1959; Riley and Robertson., 1984; Thoen and Enright, 1986). 
The invasion of the gravid bovine uterus by B. abortus leads 
to placentitis and abortion in the last trimester of 
gestation (Meador and Deyoe, 1989). Intracellular bacterial 
pathogens have evolved a number of complex mechanisms for 
gaining entry into mammalian cells and for surviving the 
intra-cellular killing mechanisms of these cells (Moulder, 
1985). Within the placenta, Brucellae replicate to high 
numbers in the trophoblastic epithelium (Payne, 1959; 
Alexander et al., 1981). It has been shown that B. abortus 
multiplies within the cisternae of the rough endoplasmic 
reticulum (RER) in ruminant trophoblastic cells (Anderson et 
al., 1986; Meador and Deyoe, 1989), in chicken embryo 
mesenchymal cells and in yolk sack endodermal cells 
(Detilleux et al., 1988). This unusual site for 
intracellular localization and presumed multiplication of a 
bacterial organism is unexplained. Recently, it was reported 
that B. abortus is able to penetrate and grow in the RER of
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non-phagocytic cells in vitro (Detilleux et al., 1990). It 
has also been demonstrated that B. abortus was able to infect 
and grow within the trophoblasts of bovine chorioallantoic 
membrane explants (CAMs) obtained from 7-month-gravid cows 
but it failed to grow within CAMs obtained from 3-month 
gravid cow (Chapter 2). The relative resistance of younger 
CAMs to B. abortus may proved to be meaningful tool for the 
study the pathogenic mechanism involved with Brucella and may 
also serve on the mechanisms involved in Brucella-induced- 
abortion.
The present study was conducted in an effort to examine 
the ability of B. abortus to enter and grow in three 
different bovine trophoblastic cell lines. The effects of B. 
abortus lipopolysaccharide (LPS) on these cell lines is also 
reported.
MATERIAL and METHODS
Bacterial strains and growth conditions. The B. abortus used 
in this study was the pathogenic strain 2308. Bacteria used 
for inoculations of trophoblastic cells were grown in 
tryptose agar(Difco Laboratories, Detroit, MI) for 4 days, 
washed twice with PBS (pH 7.2), resuspended in 1 ml of PBS, 
and stored at -70°C until used. The colony forming units 
(CFU) were determined before each experiment. Immediately 
prior to their addition to the cell monolayers, bacterial
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suspensions were diluted in Dulbecco's minimal essential 
medium (DMEM) (Gibco Laboratories, Grand Island, N.Y.). 
Trophoblastic cell lines were inoculated with 1.0 X 10s B. 
abortus.
LPS fractions and endotoxin. Smooth-LPS fraction-5 of B. 
abortus were supplied by Dr. A. Winter. Bacterial endotoxin 
was obtained from a culture of B. abortus in the log phase of 
growth. A suspension of the bacterial culture was centrifuged 
at 10,000 x g for 20 minutes, and the supernatant discarded. 
The bacterial pellet was reconstituted in DMEM medium with 
10% fetal bovine serum (FBS), incubated over night at 37°C, 
and centrifuged at 10,000 x g for 20 minutes. The supernatant 
was saved and filtered through a 0.2 #im filter (Amicron), 
aliquoted, and stored at -70°C. The endotoxic and LPS 
activity were determined by using a Chromogenic Limulus 
Amebocyte Lysate (LAL) test kit (Whittaker bioproducts, Inc. 
Wlakersville, MD, Fig 12) . This assay is a quantitative test 
for Gram-negative bacterial endotoxin (Ellin and Wolff., 
1973). Cytotoxic activity was evaluated by determining the 
cell viability using trypan blue exclusion and by observing 
cellular detachment.
Tissue culture cells and growth media. Three bovine 
trophoblastic cell lines were used for this experiment. The 
first cell line, a 13-15 day old bovine embryo cell line, was 
supplied by Dr. D. Stringfellow (Stringellow et al., 1986). 
The second cell line, a bovine trophoblastic cell line, was
Standard 
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Figure 12. Endotoxic activity of Brucella LPS fraction 5 
and the crude filtrate of B. abortus in comparison with 
a standard LPS control as measured by the Limulus 
colorimetric assay.
kindly donated by Dr. L. Munson (Munson, 1988). This cell 
line was obtained from placentomal tissue of a bovine 
placenta obtained from a 5-month-gravid-cow. The third cell 
line, a bovine trophoblastic cell line was developed in our 
laboratory from a 8-month-gravid-cow (Chapter 3). This cell 
line was obtained from extra-placentoma trophoblast of the 
chorioallantoic membrane. For future references the cell 
lines were designeded as: Cell line 1 (15 days embryo cell 
line), cell line 2 (5 month placentoma cell line), and Cell 
line 3 (7-8 month extra-placentoma cell line) . All cell
lines were grown using the same culture media. A mixture of 
HAM F-12 and DMEM supplemented with epidermal growth factor 
(EGF), insulin transferrin and selenium (ITS), and 10% FBS 
without antibiotics. All cells were grown at 37°C in a humid 
atmosphere containing 5% C02. Cell monolayers were
dissociated with trypsin-EDTA (GIBCO), and viable cell 
concentrations were determined by dye exclusion with 0.4% 
trypan blue (GIBCO) coupled with counting using a 
hemacytometer. Cells were subcultured at a density of 
between 5 x 105 and 1 x 106 cells per 25-cm2 (Costar) tissue 
culture flask.
Evaluation of the intracellular growth of Brucella abortus. 
All cell lines were incubated in 24 well plates (Costar) 
until monolayers reached 80% confluence. Prior to bacterial 
inoculation, the cell culture media was removed, and 1 ml of 
DMEM containing the appropriate number of B. abortus CFU was
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added to 3 wells of each cell line. The plates were 
incubated for 10 hrs in a humid atmosphere containing 5% C02 
at 37°C. At the end of the infection period, the medium 
containing extracellular bacteria was removed; the monolayers 
were washed twice with DMEM and incubated for 1 hr with DMEM- 
HAM F-12 supplemented with 40 ng/ral of gentamicin sulfate 
(Sigma, St Louis, MO) to prevent growth of extracellular 
bacteria. Subsequently supernatants were collected, plated 
and found to be negative for bacterial growth. Media 
containing gentamicin was removed and 1 ml of fresh media was 
added to each well. Time zero in this study refers to the 
time at which non-gentamicin containing media was added to 
the cells. After further incubation for 4, 8, 16, 20, 24 and 
30 hrs, the medium was removed from the wells, and the 
monolayers were washed twice in DMEM and lysed with 0.1% of 
deoxycholate acid (in water) for 15 minutes (min) to release 
intracellular bacteria. Bacterial CFU were determined by 
plating appropriate dilutions of the lysates on tryptose agar 
and incubating for 7 days at 37°C. Viability of inoculated 
cell monolayers was determined by detaching the cells with 
0.5% trypsin and staining with 0.4% trypan blue dye solution. 
Light microscopy. Thick sections were examined by light 
microscopy to determine the percent of infected cells in each 
cell line and to estimate the number of bacteria in each 
infected cell. Ramdomly selected, 200 cells were counted 
from different sections corresponding to each cell line.
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Electron microscopy (EM). Cell lines inoculated with B. 
abortus and those not-inoculated (control) were grown in 60- 
mm Lux Permanox dishes (Lux Scientific Corp., Newbury Park, 
CA)) for ultrastructural studies. The EM studies were done 
24 hours post-time zero. Petri dishes of both infected and 
non-infected cells were washed three times with PBS to remove 
media. Cells were fixed in 3% glutaraldehyde in 0.1 M sodium 
cacodylate buffer at pH 7.2 for 1 hr at room temperature, 
washed, post-fixed for 2 hrs in 1% osmium tetroxide, 
dehydrated in ethanol, and embedded in Epon-araldite. 
Transverse thin sections were cut approximately 60-80 nm 
thick, mounted on copper grids, and stained 20 minutes with 
7% uranyl acetate and 10 minutes with lead citrate (Venable 
and Coggeshall, 1965). Specimens were examined by using a 
Zeiss model 109 electron microscope.
Statistic analysis. The data is presented as mean standard 
error of the mean. Analysis of variance and Sheffe multiple- 
range test were employed to identify significant differences 
(P < 0.05) among groups. All statistical analysis were done 
by using Statistical Analysis Systems (SAS).
RESULTS
Comparison of bacterial growth in the three different cell 
lines. The multiplication of B. abortus in the three 
trophoblastic cell lines was studied by comparing the number
of CFUs recovered after 4, 8, 16, 20 and 24 hrs post-washing 
the gentamicin conditioned media (Figure 13). After 4 hours 
of incubation, all inoculated cell lines show similar 
intracellular bacterial CFUs. At subsequent times the number 
of B. abortus recovered from the embryo cell line failed to 
increased significantly (P > 0,05) . In both placentomal and 
extra-placentomal cell lines the CFUs of B . abortus continued 
to increase with time; there were also significant high (P < 
0.05) numbers of CFUs recovered at 30 hrs when compared with 
those at 4 hrs in both cell lines. At 8 hrs there were no 
significant differences between the CFUs of B. abortus 
recovered from both of these cell lines. Similar results 
were obtained at 16 hours. However, at 20 hrs post­
incubation, CFUs of bacteria recovered from cell line 3 were 
significant higher than CFUs recovered from cell line 2 (P < 
0.05) . At 24 and 30 hrs, more bacteria were consistently 
recovered of the lysate from cell line 3 than cell line 2. 
The integrity of both inoculated and control cell monolayers 
was maintained throughout the experiment with more than 95% 
viability as determined by trypan blue exclusion.
All three trophoblastic cell lines incubated with either 
fraction 5 LPS or endotoxin of B. abortus had similar levels 
of viability and cellular detachment at all experimental 
times. The percent of detachment was minimal in all 
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Figure 13. Multiplication of B. abortus 
within three different bovine trophoblastic 
cell lines.
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Light Microscopy. Thick sections (1 /m) of trophoblastic 
cells were evaluated to assess the percent of infected cells 
present in each cell line (Table 2). Both cell line 2 and 3 
showed between 30 and 40% bacteria-containing cells. In cell 
line 1, only 6% of the counted cells were infected with B. 
abortus. Moreover, there was never more than 5 bacteria 
within the infected cells in cell line 1. In contrast, more 
than 5 bacteria were frequently observed in cell of in cell 
line 2 and 3. However, no more than 30 bacteria were 
observed within either cell line 2 or cell line 3.
Table 2. Percentage of B. abortus infected cells as 
determined by light microscopy (200 cells)
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count/cell 2 16 31
Electron microscopy. The examination of cell line 1 by the 
TEM verified the results obtained from bacterial cultures and 
light microscopic examination. Only sporadic cells were 
found to be infected at the EM level. Few bacteria (no more 
than 2) were seen within the cytoplasm of these embryonic 
cells. In figure 14 one bacteria can be seen near to the 
nucleus within an embryonic cell (cell line 1) . In cell
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lines 2 and 3, bacteria were located at various intracellular 
sites with no indication of a predilection for perinuclear 
and/or RER localization. In both cell lines, bacteria were 
found either isolated or in clusters within vacuoles (Figure 
15 and 16). The presence of phago-lysosomes was freguently 
observed. It was also observed that in infected cells 
vacuoles were filled with abundant electron-dense material as 
well lipid droplets. This condition was minimal in non­
infected cells. The presence of infected binucleated cells 
were also noted in cell lines 2 and 3 (Figure 17).
DISCUSSION
Preferential replication of B . abortus has been reported 
to occur within ruminant chorioallantoic membrane trophoblast 
(Anderson et al., 1986; Meador and Deyoe 1989). In previous 
studies there was evidence that B. abortus was able to 
colonize and multiply within the trophoblast of bovine 
chorioallantoic membrane explants derived from placentas 
obtained from a 7-month-old-gravid cow, however, a crude 
filtrate of B. abortus failed to produce cell cytotoxicity 
(Samartino and Enright, in press). The rate of
multiplication of B. abortus in CAMs derived from a 3-month- 
old placenta was significantly lower than in CAMs from a 7- 
month-old-placenta (Chapter 2). The present study was 
designed to determine weather or not B. abortus was capable
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Figure 14. Transmission electron micrograph of a B. abortus 
inoculated embryonic derived cell. Note the presence of a 
bacterium (black arrow) within a vacuole close to a prominent nucleus, bar = 1 /m
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Figure 15. Transmission electron micrograph of a B. abortus 
inoculated placentomal derived cell. Note a cluster of 
bacteria (open arrow) present near a prominent nuclei. Few 
lipid-like droplets are also present (black arrow). 
bar = 0.5 nm
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inoculated placentomal cell. Open arrows show bacteria 
distributed in the cytoplasm of a binucleate cell. Black 
arrows are indicating both nucleus, bar = 0.5 nm
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Figure 17. Transmission electron micrograph of B. abortus 
inoculated extra-placentomal cell. Black arrow are indicate 
the presence a perinuclear bacteria within a vacuole. Open 
arrow show a mitochondria within the same vacuole, 
bar = 0.1 pm
of multiplying within bovine trophoblastic cells derived from 
placentas at 3 different stages of gestation. In addition, 
exposure of these cells to a partially purified Brucella LPS 
(fraction 5) and a crude filtrate on trophoblastic cells 
which demonstrated endotoxic activity were performed. 
Endotoxin from other Gram-negative bacteria have been 
implicated as the cause of altered metabolism by bovine 
placental tissues (Fredriksson, 1984) . In the present study, 
the cytotoxic effect of B. abortus LPS fraction 5 and the 
crude endotoxin associated with the trophoblastic cells was 
minimal. Recent studies have demonstrated that E. coli 
endotoxin was able to induce abortions in cows during the 
first trimester of gestation, but abortions occurred only 
inconsistently with high doses of endotoxin during the second 
and third trimester (Giri et al., 1990). The biological 
properties of Brucella LPS have been characterized (Baker and 
Wilson, 1965; Moreno et al., 1981) and suggested as a factor 
responsible for intracellular survival. (Kreutzer et al., 
1979). Berman (1987) suggested that Brucella endotoxin 
and/or LPS do not produce cellular damaged directly, but 
rather the endotoxins induce endogenous mediators which are 
responsible for cell damages. The proposed relevance of 
Brucella LPS as a virulence factor responsible for cellular 
damage and for abortions was not born out by the results of 
this experiment. Neither cellular damage nor detachment was 
observed when trophoblastic cells were inoculated with
Brucella LPS and/or endotoxin. Virtually all LPS-induced 
biologic responses are lipid A-dependent. It is still not 
known how lipid A interacts with and is recognized by host 
cells. Recently, studies have demonstrated the presence of 
cellular proteins that specifically recognize lipid A. One 
such protein is an enzyme known as acyloxyacyl hydrolase 
(AOAH; Munford and Hall, 1989). It was suggested that AOAH 
binds to lipid A and rapidly detoxifies LPS when it is 
internalized into a lysosomes. AOAH was found at different 
concentrations in many cells, but to my knowledge, there are 
no reports of AOAH in trophoblastic cells. The possibility 
that this intracellular protein may play a major role in 
recognizing and inhibiting the LPS effects could explain the 
lack of toxicity of Brucella LPS for these trophoblastic 
cells.
Very little is known regarding the pathogenesis of B. 
abortus during the early stages of gestation in cattle. 
Brucellosis in cattle has been usually studied during the 
latter stages of gestation (Keppie et al., 1962; Anderson et 
al., 1986; Meador and Deyoe 1989). It is not understood why 
Brucella invades the placenta preferentially in the last 
trimester of gestation; nor is it known why it does not 
infect the placental tissue during early gestation. The 
absence of a reliable in vitro model to study the interaction 
of B . abortus with the specialized cells of the placenta has 
been an obstacle in conducting studies of pathogenesis.
These results indicate that there is a preferential growth of 
B. abortus in trophoblastic-cell lines derived from an 8- 
month old placenta. These observations agree with previous 
results obtained from B. abortus inoculated CAMs (chapter 2) . 
Based on bacterial counts at various intervals post­
inoculation it was observed that approximate the same numbers 
of bacteria initially infected all three cell lines. 
However, major differences were observed in bacterial counts 
in cell lines 2 and 3 were due to intracellular bacterial 
replication.
When infected cells were examined histologically, 
numerous bacteria were observed within the cytoplasm of up to 
40% of the placentome and extra-placentome cell lines (cell 
lines 2 and 3 respectively) . Interestingly, it was difficult 
to find B. abortus within cell line 1 (embryo cell line) . In 
addition, a similar pattern of infection was noted in the TEM 
studies. Cells with large vacuoles containing many bacteria 
were noted in the cells from cell lines 2 and 3. A 
preferential localization of B. abortus to specific sites 
within the cytoplasm of these trophoblastic cells was not 
detected. Brucella were located either perinuclear or within 
vacuoles scattered throughout the cytoplasm of the cells of 
all three cell lines regardless the number of bacteria 
present in these cells. Increased prominence of
phagolysosomes (residual bodies) were noted with cell lines 
2 and 3. Lipid droplets, while these structures were
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infrequently noted in cell line 1 but were seen in cell line 
2 and 3. The presence of numerous lipids droplets as well as 
the increased granularity within infected cell lines 2 and 3 
could be the result of that B. abortus enhanced the metabolic 
activity in these trophoblastic cells.
In In vivo studies Brucella abortus has been found 
consistently in the RER of trophoblastic cells (Anderson et 
al., 1986; Meador, 1990). The replication of B. abortus 
within the RER of non-phagocytic cells was also demonstrated 
in vitro (Detellieux, et al., 1990). It was expected that 
the RER of the trophoblastic cells used in this study also 
contain numerous Brucella. The reason for not observing this 
phenomenon in these studies are not known. The difference 
may be the result of either long intervals of infections in 
the in vivo systems or of the higher numbers in bacterial 
inocula used in in vitro studies. This study suggests that 
factors may be present in the embryonic cell lines that 
inhibit B. abortus multiplication or that factors are present 
in the placentoma and extra-placentoma cell lines which favor 
B. abortus multiplication.
CHAPTER 5
ALTERATIONS in the PRODUCTION of SELECTED HORMONES and 
PROSTANOIDS by THREE DIFFERENT BOVINE TROPHOBLASTIC 
CELL LINES FOLLOWING INOCULATION with BRUCELLA ABORTUS
INTRODUCTION
Brucella abortus is a Gram-negative, facultative 
intracellular bacteria which is capable of survival and 
multiplication within phagocytic leukocytes and the cells of 
the pregnant uterus of cattle (Nicoletti and Winter, 1990). 
In pregnant cattle, B . abortus preferentially grows within 
the placental tissues and leads to placentitis and abortions 
in the last trimester of gestation (Smith, 1919; Payne, 1959; 
Williams et al., 1962). Up to 85% of the bacteria present in 
infected pregnant cows are localized within placental tissues 
(Smith et al., 1961).
Chorioallantoic trophoblasts in the bovine placenta 
preferentially support the replication of this bacteria. 
Recently, it was reported that this replication occurs 
primarily within the rough endoplasmic reticulum (RER) of 
caprine and bovine chorioallantoic trophoblastic cells 
(Anderson et al., 1986; Meador and Deyoe, 1989). In chapter 
2, it was demonstrated that preferential growth of B. abortus 
occurred within bovine extra-placentomal chorioallantoic 
membrane explants (CAMs) obtained from 7-month-old placentas 
when compared to CAMs obtained from 3-month-old placentas.
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The secretory products of trophoblastic cells play an 
important metabolic and endocrinological role in pregnancy. 
The ability of the trophoblastic cells of the bovine placenta 
tp synthesize prostanoids and steroids has been previously 
demonstrated (Steven, 1983). Significant changes in the 
quantity and the type of hormones and prostanoids produced by 
placental tissues occur during the different stages of 
gestation. (Heap et al., 1983). Both prostanoids and 
steroids are produced by the bovine placenta and play major 
roles in the maintenance of pregnancy as well as the 
initiation of parturition in ruminants (Shemesh et al, 1984) .
Previous studies of interactions between B. abortus and 
bovine trophoblastic cells have dealt with the localization 
and multiplication of bacteria within these cells and not 
with the metabolic and secretory changes which may accompany 
these intracellular infection. Alterations in the production 
of hormones and prostanoids by these specialized cells after 
exposure to infection with B. abortus may explain the 
differential replication rates of B. abortus within 
trophoblastic cells. Shifts in production of prostanoids and 
hormones by these infected cells may also initiate 




Bacteria and B. abortus LPS. In vitro exposures were 
conducted using B, abortus biotype 1, strain 2308, a 
virulent, smooth strain. Methodology use for bacterial 
culture is described in chapter 3.
Tissue culture cells and growth media. Three bovine 
trophoblastic cell lines were used for this experiment. 
Monolayer cultures of trophoblastic cells derived from a 
bovine embryo, from a 5-month-gravid bovine, and from an 8- 
month- gravid bovine were used for these studies. These cell 
lines which are referred to as cell line 1 (embryo) , cell 
line 2 (mid-gestation) and cell line 3 (late-gestation) are 
described in chapter 3 and 4. For prostanoid assays, 24 
hours following attachment, the culture medium was discarded; 
and after one rinse, the cells were covered with standard 
medium (chapter 3) free of serum and antibiotics for the 
remainder of the culture period. For steroid assays, 
standard medium containing 10% FBS without antibiotics was 
used. Preliminary assays had shown that all three cell lines 
incubated in media without serum failed to produce detectable 
steroids.
Hormone and Prostanoids measurements Prostaglandin (PGs) 
determinations were accomplished by using a commercial 
radioimmunoassay (RIA) kit (Amersham Corporation, Arlington 
Heights, IL) . Briefly, the assay is based on the competition
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between unlabelled PGs and a fixed quantity of radio labeled 
PGs for a restricted number of binding sites on the 
appropriate PG antibody. The amount of unlabelled PG in the 
sample was determined by measuring the protein-bound 
radioactivity in a gamma scintillation counter. Separation 
of the antibody-bound PG from unbound ligand was accomplished 
by adsorption of the free PG. The concentration of unlabelled 
PGs in the samples was then estimated from a standard curve.
Concentrations of steroids were measured by RIA based 
procedures described elsewhere (Thompson, et al., 1983; 
Thompson, et al., 1988). Briefly, 30 pi duplicates of either 
supernatant media or cell lysate were extracted with 2.5 ml 
of acetone for cortisol or ether (1:1 ethyl ether anhydrous 
and petroleum ether) for progesterone and estrogens. 
Standard curves were developed based on radioactivity 
associated with 8 concentrations of the appropriate steroid. 
For both prostanoids and steroids, the appropriate culture 
media with or without 10% FBS as indicated above was used as 
a non-specific control. It was observed that the 
concentration of both prostanoids and steroids in complete 
media was minimal the appropriate standard curves. 
Experimental Design. Each cell line was grown in individual 
24-well plates (Costar) until monolayers were observed. 
Duplicate wells containing cell monolayers were inoculated 
with either 1 x 10s B. abortus in 1 ml DMEM, or B. abortus 
LPS fraction 5 in 1 ml DMEM. Non-inoculated cells served as
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a control for spontaneous synthesis of steroids and 
prostanoids. Standard media with or without 10% FBS and free 
of antibiotics as appropriate was assayed as a control for 
the presence of steroid or their metabolites in the media.
The following procedures were used for each cell line. 
Inoculated and non-inoculated cells were incubated for 10 hrs 
at 37 °C in 5% C02. Following incubation, plating media was 
replaced with media containing 50 /ug/ml of gentamicin for 1 
hr to eliminate extracellular bacteria which may have 
remained in the supernatant. Subsequently, media with 
gentamicin was removed and replaced with fresh media free of 
gentamicin. This time point represented time zero. 
Supernatants from inoculated and control monolayers were 
harvested at 4, 8, 16 and 24 hrs after time 0. The cell
monolayers were lysed with 0.1% deoxycholic acid to estimate 
the numbers of bacteria present within the cells. Lysates 
were stored at -70°C until used in the assays described 
previously. Results were expressed as picograms per 
milliliter (pg/ml) for both steroid and prostanoids. The 
results were expressed as the mean concentration for each 
hormone observed within duplicate wells for 2 different 
experiments for prostanoids and for 3 different experiments 
for steroid hormones.
Statistical analysis Data were analyzed by analysis of 
variance using the General Linear Models procedure of the 
Statistical Analysis System (SAS). Sheffe multiple-range
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test: was employed to determine significant differences (P < 
0.05) among groups.
RESULTS
The levels of prostanoid and steroidal hormones produced 
by the three cell lines used in these experiments were 
measured after B. abortus inoculation. Both PGF^ and PGEj 
were detectable in inoculated and non-inoculated cell lines 
(Figure 18, 19, and 20). No significant differences (P > 
0.05) were noted among LPS inoculated cell lines (Figure 19) . 
There was a significant difference (P < 0.05) in the levels 
of PGFjc, among bacterial inoculated cell lines (Figure 20) . 
Cell line 3 demonstrated the largest production of PGF^ of 
all the cell lines. Concentration of PGF^ was significantly 
higher (P < 0.05) in bacterial inoculated cell line 3 than in 
the same non-inoculated cell line (Figure 18 and 20) . 
However, concentration of PGF^ in cell line 1 and 2 did not 
differ (P > 0.05) when compared with the same non-inoculated 
cell lines. The highest level of PGFj,, was detected at 16 hrs 
post-incubation in cell line 3. This time period also 
represented the highest level of PGF^ production in the other 
cell lines, regardless of treatment (Figures 18, 19, and 20). 
Significant differences were not noted (P > 0.05) in PGEj 
concentrations in non-inoculated cell lines (Figure 21). 
Levels of PGEj were significantly higher in LPS bacterial
inoculated cell line 3 than in the other cell lines at 16 hrs 
post-incubation (Figure 22). The greatest production of PGEj 
was detected in bacterial inoculated cell line 3, again, at 
16 hrs post-incubation (Figure 23) . Levels of PGEj were 
significantly greater in B. abortus inoculated cell line 3 
than in other cell lines and treatments (P < 0.05). No 
significant differences (P > 0.05) in PGEj concentrations 
were observed between control and LPS inoculated cell lines 
(Figure 21 and, 22). Significant differences (P < 0.05) were 
not noted in the levels of 5 'HETE among the cell lines 
irrespective of treatments at any experimental time period 
(Figures 24, 25, and 26).
Progesterone levels in the cell supernatants were 
significantly higher (P < 0.05) at 4 hrs post-incubation 
regardless of treatment (Figures 27 and 28). All three cell 
lines inoculated with B. abortus produced significantly lower 
levels of progesterone (P < 0.05) than non-inoculated cell 
lines at 4 and 8 hrs of incubation (Figure 28).
The intracellular levels of progesterone were also 
significantly higher (P < 0.05) in the non-inoculated cells 
than in bacterial-inoculated cells at 4 and 8 hrs of 
incubation. By 16 and 24 hrs of incubation, the 
concentration of progesterone still was higher in non- 
inoculated than in bacterial-inoculated cells as noted above. 
(Figures 29, and 30). Intracellular progesterone
concentration decreased significantly (P > 0.05) regardless
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of treatments from peak levels at 4 hrs to lowest levels at 
24 hrs of incubation. No significant differences (P > 0.05) 
were observed in the measurements of intracellular 
progesterone produced by the three cell lines at any time 
period except at 4 hrs in bacterial inoculated cell lines 
where progesterone detected was significantly higher (P < 
0.05) in cell lines 2 and 3 than cell line 1.
Cortisol levels were significantly higher (P < 0.05) in 
bacterial-inoculated cell line 2 at 16 and 24 hrs and cell 
line 3 at 8, 16 and 24 hrs than the cortisol levels in
bacterial-inoculated cell line 1. Cortisol was also detected 
in significantly higher (P < 0.05) levels in the supernatant 
from cell line 3 than in supernatant from cell line 2, at 16 
and 24 hrs post-incubation (Figure 31, and 32) . Significant 
levels (P < 0.05) of cortisol were detected in bacterial- 
inoculated cell lines 2 and 3 at 8, 16, and 24 hrs when
compared with non-inoculated cell lines 2 and 3, respectively 
at these time points. Cortisol levels produced by cell line 
1 did not show significant differences (P > 0.05) between 
bacterial-inoculated and non-inoculated cells at any time 
period.
High levels of total estrogens were detected in both 
bacterial-inoculated and control cells (Figure 33 and 34). 
The total estrogen released by the bacterial-inoculated cell 
lines 2 and 3 was significantly (P < 0.05) elevated when 
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all experimental points. Significantly higher concentrations 
(P < 0.05) of estrogen were found in inoculated cell line 3 
than in inoculated cell line 2 at 16 and 24 hrs of 
incubation.
Significant higher levels (P < 0.05) of estrogen were 
found in the inoculated cell lines 2 and 3 when compared to 
the same non-inoculated cell lines at all experimental times. 
The estrogen levels gradually increased from 4 to 24 hrs in 
all cell lines regardless of the treatment.
DISCUSSION
The preferential growth of 5. abortus in trophoblastic 
cells of the bovine placenta has been noted (Smith, T 1919; 
Anderson and Smith, 1965; Anderson et al., 1986). The
ability of specialized cells in the ruminant placenta to 
produce a variety of hormones and other biologically active 
substances which provide for the maintenance of pregnancy or 
for the initiation of parturition has been demonstrated 
(Steven, 1983). The B. abortus-induced hormones and 
prostanoid synthesis by trophoblastic cells has not been 
investigated. The results presented herein have shown that 
trophoblastic cells inoculated with B. abortus modify their 
synthesis of both steroids and prostanoids. In the cow, 
synthesis of steroids and prostaglandins by trophoblastic 
cells has been detected as early as 13 days post-conception
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(Shemes et al, 1979). Recently, alternative pathways for 
arachidonic acid metabolism have been described in several 
tissues. Lipoxygenases and cytochrome epoxygenase metabolize 
arachidonic acid into various biologically active 
hydroxyeicosatetraenoic acids and leukotrienes (Revtyak et 
al., 1988) . The production of 5'HETE by these cell lines was 
determined for two reasons. First, lipoxigenase activity of 
trophoblasts in placental tissues has not been studied. 
Second the products of this pathway have been implicated as 
important mediators of inflammation and tissue injury in 
tissue other than the placenta. Because 23. abortus infection 
induces inflammatory changes in the placenta, it was 
necessary to determine whether or not the lipoxygenase 
pathway might be involved in this processes. The results of 
the present experiment did not show particular differences in 
5' HETE concentrations among cell lines or treatments.
The three cell lines used in these experiments were 
equally able to synthesize prostanoids. Unlike the 
trophoblast cells derived from later stages in gestation, the 
embryonic cells (cell line 1) failed to significantly alter 
their patterns of prostanoid production following exposure to 
B. abortus. The lack of responsiveness is not understood but 
may be because only low numbers of these cells were infected 
with B. abortus. Alternatively, failure to induce changes in 
prostanoid production may have some role retarding the growth 
of B. abortus within these embryonic cells.
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The placentomal cell line (cell line 2) responded ho 
exposure to B. abortus by altering both the type and levels 
of PGs production. While most cases of abortion in bovine 
brucellosis occur within the last trimester of gestation, 
abortions have been reported to occur as early as the 5th 
month of gestation (Nicoletti, 1980). Despite rapid 
multiplication of 23. abortus within these cells, an elevated 
concentration of PGF^ was not detected until 16 and 24 hrs 
post-incubation. Elevation of PGF^ concentration occurred 
in cell line 3 as early as 4 hrs post-incubation. 
Ordinarily, levels of PGF^ remain at low concentrations in 
mid-gestational cows (Shemesh, et al., 1984; Gross, et al., 
1987). These results suggest that mid-gestational
trophoblasts can be stimulated to increase their production 
of PGF^. However, this response is late and less pronounced 
than that is observed in trophoblastic cells from late 
gestation.
The extra-placentomal cell line (cell line 3) was 
derived from bovine extra-placentomal placenta obtained from 
8-month-pregnant cow (chapter 3) . The predilection of B . 
abortus for placental tissues in late pregnancy has been 
profusely documented (Smith, 1919,; Williams et al., 1962). 
Bovine inter-cotyledonary tissues increased their ratio of 
secretion of macromolecules from day 100 to 250 (Reynolds at 
al., 1990). The large increase in PGEj and PGF^ production 
coincided with the rapid growth of Brucella in the placentoma
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and in extra-placentomal cells. This appears to be a 
specific response since PG production did not increase after 
exposure of the cells to Brucella LPS. In the cow, there is 
evidence for an increase in the levels of the PGF^ in the 
peripheral circulation several days before parturition 
(Liptrap and Leslie, 1984; Gross et al., 1987). The
importance of PGF^ in bovine reproduction is well known, but 
little is known about PGEj (Mayer et al., 1989). In the 
present experiments, the PGEj production increased following 
exposure to 3. abortus but peaked at a lower level than did 
PGF^. Both PGEj and PGF^ peaks, however, did coincide with 
the maximum bacterial counts. Further studies will be 
necessary to determine whether the rate of Brucella 
replication influences the level of PGs or whether PGs 
concentrations influence the rate of bacterial growth.
The steady decline of progesterone concentrations both 
in supernatant and intra-cellular samples occurred with time 
in culture regardless of treatment. Because low levels of 
progesterone were detected in supernatants, it was necessary 
to determine progesterone concentration within the cells. 
The intracellular concentration of progesterone was 
significantly higher in both controls and inoculated cells 
than in supernatants. While the placenta of the cow has not 
been considered a major source of progesterone production by 
some investigators, the detection of progesterone in 
placental preparations in vitro has been demonstrated
(Shemesh et al., 1984). Hansel et al., (1985) found 
approximately twice as much progesterone synthesis in a 
purified population of mid-gestational bovine placentomal 
binucleate trophoblastic cells compared to progesterone 
synthesis by mononucleate trophoblastic cells. The 
trophoblastic component of the ruminant chorion contains 
numerous cuboidal mononucleated cells (principal cells) and 
relatively few rounded binucleated cells (Boshier and 
Holloway, 1977). In ruminants, binucleated cells have been 
suggested to have a higher secretory capability than the 
principal cells (Wooding, 1983). Binucleate cells accounted 
for approximately 20% of the cells in all three cell lines 
studied here. If binucleated cells are the principal source 
of secreted progesterone then it is feasible that relatively 
low levels of this hormone would be present within the 
supernatant of these cell lines. Likewise, the high levels 
of progesterone in cell lysates may represent the 
concentration of non-secreted progesterone within a majority 
of the principal cells. This progesterone is likely destined 
for conversion into other steroids. An in vitro inhibitor of 
progesterone secretion was found in extracts of fetal and 
maternal bovine placenta collected at mid-gestation,
although this compound disappears before parturition. It was 
postulated that this factor does not reduce progesterone 
synthesis but rather enhances progesterone metabolism to 
other steroids (Shemes et al., 1983; Eley et al., 1983).
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This hypothesis is in agreement with increased production of 
the other steroids observed in the this culture systems. In 
all non-inoculated cell lines estrogens were detected in the 
supernatants. The concentration of estrogens increase 
slightly during the 24 hrs observation period. The synthesis 
and release of total estrogen by trophoblastic cell lines 2 
and 3 was markedly increased after B. abortus inoculation. 
Hence, 5. abortus may provoke acceleration of the catabolism 
of progesterone compounds or simply augment the synthesis of 
estrogens in these cells. Estrogens are luteolytic when 
administered during the mid-luteal phase of the bovine 
estrous cycle, and it was postulated that this effect is 
mediated by secretion of PGF^ by the uterus or placenta 
(Hansel and Convey, 1983; Pimentel et al., 1986).
The results presented in these experiments indicate that 
bovine trophoblastic cells can metabolize arachidonic acid to 
several biologically active products and that the presence of 
a pathogenic agent, such as B. abortus, can modify the 
synthesis of these products. In addition, steroidogenesis 
was also influenced by B. abortus exposure, as was the 
production of estrogens and cortisol.
The changes in steroidogenesis may influence the 
replication rate of 3. abortus in these cells, or the rapid 
multiplication of the bacteria may be responsible for the 
observed shifts in steroid concentration. At any rate, 
multiple metabolic products capable of inducing either
107
parturition or abortions in cattle are produced by these 
trophoblasts following exposure to B. abortus.
CHAPTER 6
FACTORS RESPONSIBLE for DIFFERENTIAL GROWTH Of BRUCELLA 
ABORTUS in THREE DIFFERENT TROPHOBLASTIC CELL LINES
INTRODUCTION
Preferential growth of Brucella abortus in the bovine 
placenta is not fully understood. Brucella abortus was 
reported by Smith in 1919 to infect and replicate within 
trophoblastic cells. The bacteria replicate within the rough 
endoplasmic reticulum of trophoblastic cells of the bovine 
placenta (Meador and Deyoe, 1990). Placental trophoblastic 
cells perform a number of critical functions throughout 
gestation including the production of proteins, hormones and 
prostanoids in varying concentrations (Shemes, 1983; Ulmann 
and Reimers, 1989). The localization of B. abortus in the 
placenta and in other fetal tissues has been suggested to 
result from the presence of erythritol in these tissues 
(Keppie et al., 1964; Smith et al., 1962). In vivo and in 
vitro experiments have demonstrated that B. abortus strain 
19, the growth of which is inhibited by erythritol, was able 
to infect and multiply within placental tissues (Corner and 
Alton, 1981; Nicolleti, 1981; Mayer, 1975). Field strains of 
B. abortus or strain 2308 grow readily within the placentas 
and induced severe placentitis in guinea pigs and mice which 
do not have erythritol in their placentas (Bosseray, N. 
1983). These observations suggest that factors other than
108
109
erythritol might be important in enhancing B. abortus growth. 
The susceptibility of the placenta to B. abortus infection 
during the last trimester of gestation has been documented 
(Payne, 1951; Enright, 1990).
Experiments designed to study the pathogenic mechanisms 
involved in Brucella abortions have generally concentrated on 
the events of the last third of gestation. A somewhat 
different approach was utilized in the experiments reported 
herein. Since the bacteria grow poorly in placental tissues 
from early gestation, and since natural infection is rarely 
documented to occur in early gestation an attempt was made to 
compare the growth and metabolic activities of embryonic 
trophoblasts with those of trophoblasts derived from mid and 
late gestational tissues. Metabolic differences were then 
correlated with the ability of these different cell lines to 
support the growth of B. abortus. It was demonstrated that 
B. abortus failed to grow in bovine embryo trophoblasts but 
grew rapidly in trophoblasts derived from the placentoma of 
a 5-month-gravid-cow and from extra-placentomal membranes 
from 8-month-gravid cows. In addition, B. abortus induced 
changes in the concentration of hormone and prostanoids found 
associated with these trophoblastic cell lines (chapter 5). 
In the present study, hormones and/or prostanoids were 
incorporated into the standard cell culture media to 
determine if these compounds would alter the growth rate of 
B. abortus within trophoblastic cell lines.
MATERIAL and METHODS
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Bacterial strains. The pathogenic B. abortus strain 2308 was 
used as described in the preceding chapters.
Trophoblastic cell lines. The bovine embryo cell line (cell 
line 1), the 5 month-old-bovine placentomal cell line (cell 
line 2) , and the 8-month-old bovine extra-placentomal cell 
line (cell line 3) were used in this experiment. Growth 
conditions were the same as explained in chapter 4. 
Conditioned culture media. Five different compounds were 
added to standard culture media at three different
concentrations (Table 1) . The baseline concentration for the 
different compounds was the maximum level of estrogens or 
prostaglandins found in B. abortus inoculated cell lines from 
previous experiments (chapter 5) . Two additional
concentrations of prostanoids and hormones were selected to 
evaluate concentrations above and below the previously 
observed baseline concentration for these cells.
Experimental design. All cell lines were grown as usual
(chapter 3) and transferred to 24-well tissue culture plates 
for assay. Conditioned media was added to appropriate wells 
immediately after the cells were transferred to the 24-well 
plates. Each cell line was individually treated with media 
containing various concentrations of PGF^, PGEj, 
progesterone, cortisol and estrogens (Table 3) . The same 
cell lines cultured in standard growth media were used as
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controls. Triplicate measurements were carried out for each 
experiment. After cells became monolayers, the medium was 
aspirated and 1 ml of 1 X 10s/ml bacteria suspended in the 
appropriate conditioned medium was added to the cells and 
incubated for 12 hrs at 37°C with 5% C02.
Table 3. Concentration of hormones and prostanoids added 
to the standard culture media.
PGEj Progesterone Estrogens Cortisol
150 75 750 2000 300
100* 50* 500* 1500* 200*
50 25 250 1000 100
Concentration of compounds are expressed in pg/ml. 
Results are shown only when concentrations indicated by * 
were used. No differences were observed by using other
concentrations.
Non-adherent and non-phagocytosed bacteria were then 
removed by three PBS washes. In addition, the cells were 
incubated with 50 /xg/ml of gentamicin for 1 hr to prevent 
extracellular bacterial replication. Cells were harvested 
and lysed for bacterial counts at 4, 8, 16 and 24 hrs post- 
gentamicin wash. Plates containing cells and intracellular 
bacteria were incubated for 4, 8, 16 and 24 hrs. The cells 
were then lysed with 0.1% deoxycholic acid for 15 min and the 
number of intracellular bacteria was determined by plating 
appropriate dilutions onto tryptose agar plates and counting 
the colony forming units (CFU).
Statistical analysis. The data were presented as means ± 
standard error of the mean. Analysis of variance and
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Sheffe'e multiple range test were employed to evaluate 
whether or not there were significant differences in the 
means of each treatment within a group. A probability of 
error P < 0.05 was considered significant.
RESULTS
Brucella abortus replication in embryo cell lines. Three 
concentrations of PGF^ and PGEj were incorporated into the 
standard culture media without producing an effect on the 
growth rate of B. abortus in the cell line 1 (Figure 35, 36, 
and 37) . The addition of progesterone to the standard media 
slightly increased bacterial replication during the first 8 
hrs in comparison with controls however significant 
differences (P > 0.05) were not noted. After 16 hrs the 
bacterial counts were similar in both progesterone 
conditioned media and in control cell cultures. Significant 
differences (P > 0.05) were not noted in bacterial growth 
between both cortisol or estrogen treated media and control 
media.
Brucella abortus replication in placentomal cell lines.
Determinations of CFU in placentoma cell lines indicated that 
PGE2 did not alter the intracellular growth of B . abortus at 
any experimental time; however, when either 75 pg/ml or 50 
pg/ml concentrations of PGF^ were added to the standard 
culture media, the numbers of CFUs recovered at 16 and 24 hrs
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was larger than the numbers of CFUs recovered from cells 
without conditioned media. These differences were not 
significant (P > 0.05) (Figure 35 and 36). No effects on the 
bacterial growth curve were observed when the lowest 
concentration of PGF^ was used. Progesterone added to the 
standard culture media markedly increased (P < 0.05) the 
numbers of B . abortus seen in the first 8 hrs but the 
bacterial replication dropped to rates similar to bacterial 
replication rates found in control cultures after 16 hrs 
post-incubation. In contrast, B. abortus replication within 
these cells increased significantly (P < 0.05) after 16 hrs 
of incubation in estrogen conditioned culture media (1500 
pg/ml) when compared with control cells.
Brucella abortus replication in extra-placentoma cell lines.
The addition of PGF^ enhanced (P > 0.05) the multiplication 
of intracellular bacteria in cell line 3 after 16 hrs post­
incubation when compared with similar cells in control media. 
(Figure 37) . The stimulation of growth by PGF^ was only 
observed with the 150 pg/ml or 100 pg/ml concentrations. No 
differences in bacterial count were observed when the lower 
concentration of PGF^ was utilized. No effects on the growth 
of B. abortus were observed in cells treated with PGEj at any 
concentration. The effect of steroid hormones added to the 
standard culture on bacterial counts in cell line 3 were 
slightly greater to the effects of these hormones on the B. 
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Figure 36. Effects of different conditioned 
media on the growth of B. abortus within 








Figure 37. Effect of different conditioned 
media on the growth of B. abortus within 









Brucella, abortus counts in all three trophoblastic cell 
lines cultured in cortisol conditioned media did not differed 
from B. abortus counts obtained in the three trophoblastic 
cell lines that were cultured in the usual the growth media 
(Figure 35, 36, and 37). The growth curves did not differ 
significantly (P > 0.05) at any experimental point.
DISCUSSION
Different conditioned media were examined for their 
ability to enhancing the growth of B. abortus in 
trophoblastic cell lines. In previous chapters B. abortus 
was demonstrated to infect and grow rapidly within 
trophoblastic cells from 5 and 8-month-old bovine placentas. 
In contrast, it was demonstrated that Brucella grew slowly 
within embryo cells 4 hrs post-incubation. Previous studies 
have demonstrated that trophoblast cells are able to produce 
prostanoids and steroids and that their production of these 
compounds is affected by the stage of gestation (Reimers et 
al., 1985; Shemesh et al, 1989).
The growth of Brucella was limited to the first hours 
post-incubation in cell line 1 (chapter 3). These cells 
produced low levels of hormones and prostanoids which did not 
change after bacteria inoculation. Only the presence of 
progesterone induced a small increase in replication of the 
bacteria during the first 8 hrs. The synthesis of
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prostanoids and progesterone by trophoblast cells has been 
demonstrated in vitro as early as 12 days post-conception 
(Shemes et al, 1984).
Brucella abortus rapidly multiplied in cell lines 2 and 
3. Brucella abortus induced the release PGF^ and PGF^ in 
cell line 3. Total estrogen synthesis increases in cell 
lines 2 and 3 after B. abortus inoculation at 16 hrs of 
incubation. In the experiment described in chapter 4 the 
concentration of progesterone decreased with time in both 
controls and infected cultures. The concentration of 
progesterone was found to be greater in cell lysate than in 
supernatant which suggests that progesterone is rapidly 
metabolized to other compounds. The concentration of 
progesterone was low in each B. abortus inoculated cell line. 
Williams (1962) suggested that progesterone enhanced B. 
abortus replication in vitro. The bacterial counts at 4 and 
8 hrs of incubation were greater in all cell lines when 
progesterone-conditioned media was incorporated into the 
culture system. Additionally, bacterial counts were higher 
after 16 hrs of incubation with estrogen-condition media. 
The stimulatory effect of estrogens on Brucella growth in 
artificial media has been observed (M. Mayer, personal 
communication). This association of the concentration of 
hormones found in bacteria inoculated trophoblastic cells 
with bacterial counts after these cells were grown in 
hormone-supplemented medium suggests the following
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hypothesis. Progesterone may act perhaps as a major 
stimulatory factor for Brucella growth; and the presence of 
the bacteria within the trophoblastic cell may accelerate the 
conversion of progesterone to estrogenic compounds. In 
addition, cell lines 2 and 3 demonstrated that the maximum 
concentrations of estrogen are correlated with the maximum 
growth of B. abortus.
The addition of prostanoids to the standard media 
induced inconsistent £. abortus growth in placentomal and 
extra-placentomal trophoblastic cells. In both cell lines, 
the PGE^-conditioned media did not modify the bacterial 
growth at any measurement time. By the addition of PGF^ to
the standard media, £. abortus counts are higher than in
controls but not to a significant level. This data suggest 
that although £. abortus induced large quantities of PGF^ in 
trophoblastic cells from late gestational placentas, PGF^ did 
not play a major role in the differential growth of Brucella 
in these cells.
In the pregnant cow, PGE2 favors the maintenance of
pregnancy and concentrations of PGEj level rise before
parturition. Brucella abortus infection during the last 
trimester results in abortions and retained placentas 
(Nicoletti, 1980). Interestingly, the higher levels of PGE2 
in pregnant cows have been associated with placental 
retention (Gross, 1990). In contrast, PGF^ is luteolytic, 
and the concentration of PGF^ increases to initiate the
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regression of the corpus luteuxn and remains at very low 
levels throughout pregnancy. A very high level of PGF^ is 
released just before parturition (Shemesh, et al., 1984).
It is well known that the placenta is a temporary organ 
which undergoes many physiological changes during its 
lifetime. The synthesis of metabolic products by the 
principal cell, the trophoblast, also changes throughout 
pregnancy (Steven 1983). Bovine embryo cells have been 
demonstrated to synthesize progesterone, but estrogen 
production remains low during the first 5 months of 
pregnancy. The endometrium is thought to be primarily 
responsible for the production of estrogen during pregnancy 
(Eissa and Bellely, 1990). The level of estrogen increases 
abruptly at 240 days of gestation (Pimentel et al., 1986). 
The highest CFU occurred in cell line 3 which originated from 
bovine placenta of 240 days gestation. In addition, after 
incorporation of conditioned-media, both progesterone during 
the first 8 hrs and estrogens following 16 hrs post­
incubation enhanced the bacterial growth. These data
suggests that Brucella growth could be stimulated by 
trophoblastic progesterone. Embryo cells catabolize 
progesterone to estrogens at minor levels (Steve, 1983); 
perhaps Brucella utilized the intracellular progesterone, and 
replication is decreased because the concentration of 
estrogens in these cells is very low. However, in
trophoblastic cells derived from bovine placenta obtained
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from advanced stages of pregnancy where high levels of 
estrogens are present, Brucella can use both progesterone and 
estrogens for enhanced multiplication. Estrogen levels rise 
dramatically before parturition in the cow, and it has been 
demonstrated that estrogens could be abortogenic if injected 
into late gestational cattle (Roberts, 1985) . The results of 
this experiment may contribute to a better understanding of 
the mechanisms responsible for preferential growth of B. 
abortus and the abortions associated with these bacteria. 
The possibility that Brucella interact with precursors of 
progesterone synthesis or with the enzymes necessary for the 
catabolism involved in steroidogenesis cannot be ignored. 
Additional factors may contribute to B. abortus growth in 
addition to those investigated in these experiments. Further 
studies will be required to investigate this aspect of the 
pathogenesis.
Although it remains to be determined whether these 
placental factors are, in fact, the unique cause of 
preferential growth in placentomal and extra-placentoma 
bovine trophoblastic cells, these findings demonstrated that 
B. stbortus replication within the bovine trophoblastic cells 
from mid and late-gestational placentas was enhanced by 
adding progesterone and/or estrogens to the culture media.
SUMMARY and CONCLUSIONS
Brucella abortus infects pregnant cattle and causes 
placentitis leading to abortion during the last trimester of 
gestation. The organism replicates within the trophoblast of 
the bovine placenta. The causes of the preferential growth 
of B. abortus in the late gestational placentas are not 
understood. The placenta is a highly complex organ with 
multiple functions including but not limited to synthesis and 
secretion of prostanoids, steroids and protein hormones, as 
well as the transport of nutrients and removal of wastes. In 
these experiments the growth of B. abortus in bovine 
chorioallantoic explants derived from early and late 
gestational placentas and in trophoblastic cells derived from 
early., mid and late gestational placentas was evaluated. In 
addition, the effect of B. abortus infection on the 
production of prostanoids and hormones in the three different 
cell lines was measured. The stimulatory or inhibitory 
effects of these hormones and prostanoids on the 
intracellular growth of B. abortus in the three trophoblastic 
cell lines were demonstrated.
Initially the growth of B. abortus in bovine 
chorioallantoic membrane explants (CAMs) derived from 3 and 
7-month-gravid cows was evaluated. Brucella abortus 
preferentially grew in CAMs derived from the late gestational 
placenta. Bacterial growth within CAM explants derived from
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early gestational placenta was inhibited. Cytotoxic effects 
in the CAMs infected with B. abortus was demonstrated only in 
CAMs derived from late gestational placentas.
Three cell lines were used to study the growth of B. 
abortus in trophoblastic cells. A bovine embryo cell line 
derived from a 15 to 17 day-bovine-embryo; a bovine 
placentomal cell line derived from 5-month-old-gestational 
placentas; and a bovine extra-placentomal cell line derived 
from 8-month-old-gestational placentas were used in these 
studies. The extra-placentomal trophoblast used in this 
study was subcultured for at least 10 subpassages. 
Immunohistochemical studies demonstrated that these cells
were epithelial cells. Binucleate cells represented
approximately a 20% of the total cell population.
The ability of B. abortus to grow within the
trophoblastic cell lines was similar to the growth
characteristics observed in CAMs. The bacterial growth rate 
in cell lines derived from 5 and 8-month gravid cattle was 
significantly higher than the growth rate in the embryonic 
cells. Ultrastructural studies demonstrated that B. abortus 
can invade all three cell lines, however, the number of 
bacteria found in trophoblastic cells derived from mid and 
late gestational tissues was higher than the number of 
bacteria found in the embryo cell lines.
Differences in the response of these cells with regard 
to prostanoid and steroid hormone production were observed
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after inoculation of the cell cultures with either 3. abortus 
or with Brucella LPS. Prostaglandin PGEj, 5'HETE,
progesterone, estrogens and cortisol productions by the 
embryonic cell lines were unalterated by 3. abortus 
infection. However, the placentomal cell line significantly 
increased its production of PGF^, estrogen and cortisol after 
bacterial inoculation. A similar pattern of prostanoid and 
steroid hormonal production was observed in the extra- 
placentomal cell lines.
To determine if the steroidal hormones and prostanoids 
were factors responsible for modifying the growth of 3. 
abortus in these cell lines, growth media was supplemented 
with various prostanoid and hormones. Prostanoid
supplementation had no effect on bacterial growth in any cell 
line. However, estrogen significantly increased the growth 
of 3. abortus in both the placentomal and extra-placentomal 
cell lines at 16 and 24 hrs post-incubation. In addition, 
progesterone significantly increased the bacterial growth at 
4 and 8 hours of incubation in the same cell lines.
In conclusion, 3. abortus was able to grow in cell 
lines and explants derived from late gestational placentas. 
However, 3. abortus failed to grow within cell lines and 
explants derived from embryos and placental tissues collected 
from the early stages of gestation.
Brucella abortus infection enhanced the synthesis of 
estrogens, cortisol and prostaglandins in cell lines derived
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from late gestational placentae but fail to enhanced the 
synthesis of the same compounds in embryonic placental cells.
The growth of B. abortus within cells derived from 5 and 
8 month-gravid cows was enhanced by the addition of 
progesterone and estrogens. The enhancement of bacterial 
growth by both progesterone and estrogen supplementation of 
media is as yet unexplained.
The induction of increased concentrations of PGF^, PGEj, 
cortisol and estrogens in trophoblastic cells derived from 
the later stages of gestation by infection with B. abortus 
may help explain why abortions are frequently observed in S. 
abortus infected pregnant cows in the last trimester of 
pregnancy. PGF^, extrogens, and cortisol are able to induce 
labor in late gestational cattle.
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